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PREFACE AND EXECUTTVE SUIOIE!

star t ing in  January Lg4l ,  the univers i ty  of  ch icago contracted wi th the

Federal  Government  to per form var ious research and development  act iv i t ies '  thaL

involved radioact ive mater ia ls t  namely uraniqm. These act iv i t iest  which were

f i rs t  under tbe auspices of  the Nat ional  Defense Research Commit tee and then

successively  the Of f ice of  Scient i f ic  Research and Development ,  the Manhat tan

Engineer Dist r ic t  and the Atomic Energy Comissiont  cont inued on the univers i ty

campus  un t i l  ea r l y  i n  t he  195Ots .  A t  t ha t  t ime ,  mos t  resea rch  i nvo l v i ng  rad io -

act ive mater ia ls  was t ransferred f rom the campus to the Argonne NaLional

Laboratory s i te  in  nearby DuPage County,  I l l ino is '

one of  the univers i ty  of  ch icago camPus fac i l i t ies in  which radioact ive

mater ia ls  were handled in  the 1940s and l95os '  Idas the Kent  Chemical  Laboratory '

When records of  the U.S.  Energy Research and Development  Adminis t rat ion (ERDA) '

a successor  to the AEC, were searched in the ear ly  l97os,  i t  was found that

documentat ion was insuf f ic ient  to  determine i f  the decontaminat ion work carr ied

out  at  the Kent  chemical  Laboratory when nuclear  act iv i t ies ceased was adequate

by current  guidel ines.  Consequent ly ,  a comPrehensive radio logical  assessment  of

Kent  Laboratory was conducted dur ing September 7977,  by Lhe ANL Radio logical

Survey Groupl  to  determine i f  any radioact ive contaminat ion remained'  The

resul ts  of  the assessment  ind icated the need for  remedia l  act ion '

Since Lg77,  the Univers i ty  has decontaminated th is  laboratory bui ld ing,  and

in May 1983,  the Department  of  Energy (DOE) requested the ANL Radio logical

Survey Group to conduct  a Post- remedia l -act ion survey '  AI I  the contaminated

areas ident i f ied dur ing the i rg77 assessment  were rechecked'  Contaminat ion

remained in s ix  of  the rooms.  Fur ther  decontaminat ion of  these areas vtas con-

ducted by univers i ty  personnel ,  and as a resul t ,  these areas are now f ree of

contaminat ion.  However,  a contaminated c lay p ipe in  the at t ic  remained'  The

clay p ipe has s ince been removed and d isposed of  as sol id  radioact ive waste '

Dur ing the post- remedia l -act ion surveyr  s ix  soi l  samples were col lected

from excavat ion t renches dug in Rooms I  and 2 as par t  of  the Univers i ty 's

remedia l  act ion ef for ts .  AIso,  four  s ludge samPlea were taken f rom below the

manhole covers in  the basement  of  Kent  Chemical  Laboratory to assess the radio-

logical  condi t ion of  the sewer system. A radio logical  aasessment  of  the sewer

system had not  been accompl ished dur ing the 1977 survey as Per Program di rect ion '
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Radiocheoical  ( f luorometr ic)  and ganma-apectra l  analyees indicated that  e ight

out  of  ten soi l  and s ludge samples conta ined levels of  radioact iv i ty  above

exPected background concentrat ions.  The soi l  has s ince been fur ther  excavated.

The bui ld ing is  now f ree of  radioact ive contaminat ion in  excess of  back-

gro 'nd levels l  however,  the aer tera do conta in radioact ive mater ia ls  above back-

ground levels s ince contaminat ion wae found at  appropr iate access points.

This aurvey was performed by the following Health Physica peraonnel of the
Occupational Health and Safety Division, Argonne National Laboratory, Argonne,
r r l i no i s :  I { .  H .  sm i th ,  K .  F .  F l ynn ,  A .  L .  Jus tus ,  c .  } 1 .  Sho reen ,  J .  D .  The reon ,
and  D .  l l .  Re i l l y .
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FORHERLY UTILIZED MED/AEC SITES REUEDIAL ACTION PROGRAM
POST-RE}MDIAL.ACTION RADIOLOGI CAL ST]RVEY

OF
KENT CHEMICAL LABORATORY

UNTVERSITY OF CHICAGO, CHTCAGO, TLLINOIS

INTRODUCTION

Dur ing  1939  and  ] -g4 } ,  U .S .  i n te res t  i n  nuc lea r  phys i cs  i nc reased  as  a

resu l t  o f  r ecen t  d i scove r i es ,  t he  wa r  i n  Eu rope ,  and  the  poss ib i l i t y  o f  deve lop -

ing an atomic bomb. Dur ing th is  t ime,  the Nat ional  Defense Research CommiLtee

(NDRC) rdas in terested in  construct ing uranium pi les that  would mainta in sel f -

susta in ing nuclear  chain react ions.  In  January 1941,  the NDRC contracted for

Lhe Univers i ty  of  Chicago to make measurements on bery l l ium as a moderator  in  a

u ran ium p i l e .

When the Uni ted States entered I {W-I I  in  December 1941,  the research vtas

reorganized and the Of f ice of  Scient i f ic  Research and Development  (OSRD) became

respons ib le  f o r  a l l  wo rk  re la ted  to  nuc lea r  cha in  reacL ions ,  and  a l l  emphas i s

was centered on product ion of  an atomic bomb. The OSRD establ ished a commit teet

the S-1 conmit tee,  to  aasume the responsib i l i ty  for  sc ient i f ic  s tudies and

measurements necessary to develop an atomic bomb. Members of  the commit tee

accepted responsib i l i ty  for  var ious aspects of  the Project .  Dr .  Ar thur  Comptont

a professor  at  the Univers i ty  of  Chicago,  Idas responsib le for  the theoret ica l

s tudies and exper imenta l  measuremeots necessary to produce e lement  94 (p lutonium)

for  the bomb. Therefore,  in  January t942,  a contract  was in i t ia ted between the

universi.ty and OSRD. Between January and the end of l lay !942, pile experiments

f rom Columbia Univers i ty  and Pr inceton Univers i ty  were t ransferred to the

MetaI lurg icaI  Laboratory (Met  Lab) ,  which was created on the Univers i ty  of

Chicago campus.

Plutonium is produced when neutrons are absorbed by uranium. To produce

the large quant i t ies of  p lutoniun needed for  the bomb, an in tense source of

neutrons was needed.  Only uraniut r  p i les of fered the possib i l i ty  of  creat ing

th is  neutron source by producing a sel f -susta in ing nuclear  chain react ion-  The

f i rs t  p i le  that  was large enough to susta in the chain react ion was composed of
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urani run and Sraphi te.  I t  was constructed beneath the west  s tands of  Stagg Fie ld

unde r  t he  d i rec t i on  o f  D r .  En r i co  Fe rn i .  The  se l f - sus ta in ing  cond i t i on  was

f i na l l y  ach ieved  on  December  2 ,  1942 .

Dur ing 1942,  Dr.  Compton a lso t ransferred a l l  work on the development  of

nethods for  the pur i f icat ion of  p lutoniun to the Met  Lab.  In  Apr i l  1942,

Dr .  G Ienn  Seabo rg  a r r i ved  i n  Ch i cago  w i th  a  g roup  f rom the  Un ive rs i t y  o f

Cal i forn ia at  Berkeley to cont inue thei r  chemical  work on e lement  94 separat ion

and pur i f icat ion.  The work on p lutoninm chemist ry  and p i le  exper iments nas

conducted exclus ively  at  the Univers i ty  of  Chicago,  inc luding the Kent  Chemical

Labo ra to ry ,  un t i l  t he  w in te r  o f  f 943 .  A t  t ha t  t ime ,  t he  C l i n ton  Labo ra to r i es

(now Oak  R idge  Na t i ona l  Labo ra to ry )  s ta r ted  the i r  p i l o t  p l an t .

The Army Corps of  Engineers took over  responsib i l i ty  for  the bomb develop-

ment  and product ion by June 1942.  Their  organizat ion was cal led the l . tanhat tan

Engineer Dist r ic t  ( !GD).  Af ter  the feasib i l i ty  of  producing p lutonium had been

demonstrated,  the contract  wi th the l te t  Lab was t ransferred f rom OSRD to l tED on

May 15'  1943.  Exper imenta l  work cont inued under MED unt i l  1946,  when the

Atomic Energy Cornniss ion (AEC),  a c iv i l ian orgaoizat- ion,  was created.2 At  that

t ime the laboratoryr  s  name r tas changed f  rom the l . le t  Lab to Argonne Nat ional

Laboratory (ANL).  Work under the AEC contract  cont inued through 1952,  when most

of  the act iv i t ies were moved f rom the Univers i ty  of  Chicago to the new Argonne

Na t i ona l  Labo ra to ry  s i t e  i n  DuPage  Coun ty . s

Several  fac i l i t ies on the Univers i ty  of  Chicago campus r rere used in the

research prograns involv ing radioact iv i ty ;  one such fac i l i ty  was the Kent

Chemical  Laboratory.  In  the 197Os,  no records could be found of  radiat ion

surveys or  decontaminat ion ef for ts  being conducted at  Kent  Chemical  Laboratory

af ter  terminat ion of  } !ED/AEC act iv i t ies.  Therefore,  the U.S.  Department  of

Energy (DOE) d i rected the Argonne Nat ional  Laboratory (ANL) Radio logical  Survey

Group (RSG) to per form a radiat ion survey of  the Kent  Laboratory to determine i f

any detectable radioact ive contaminat ion remained.  The aurvey was per formed

dur ing September 1977,  and the resul ts ,  as repor ted in  an ear l ier  doct 'Fent ,1

indicated that  some remedia l  act ion nas needed in order  to meet  current  radio-

act ive mater ia l  contaminat ion guidel ines.

In response to those f ind ings,  the Univers i ty  of  Chicago per formed decon-

taminat ion ef for ts  at  the Kent  Chenical  Laboratory pr ior  to  and concurrent  wi th

some fac i l i ty  renovat ions.  The ANL/RSG was then requested to conduct  a post-

remedia l -act ion survey in  l {ay 1983.  The post- renedia l -act ion survey and the

resul ts  thereof  are descr ibed in th is  repor t .
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The  Ken t  Chemica l  Labo ra to ry  i s  l oca ted  i n  Cb i cago  ( see  F ig .  l )  nea r  E l l i s

Avenue and East  58th Street  on the Univers i ty  of  Chicago campus (see Fig -  2) .

The  bu i l d i ng  cons i s t s  o f  t h ree  f l oo rs ,  a  basemen t  and  an  a t t i c ,  as  shown  i n

F igu res  3  t h rough  6 .

SURVEY AND ANALYTICAL PROCEDIJRES

Generaf

The post- remedia l -act ion radio logical  survey conducted by ANL in May 1983'

inc luded the n ineteen contaminated areas found dur ing the survey in  1977 (as

reported in  Reference f ) .  Dur ing the 1977 survey,  ten contaminated f loor  areas

w e r e  i d e n t i f i e d  i n  R o o m s  l ,  2 , 4 ,  L 4 ,  a n d  1 8  o f  t h e  b a s e m e n t ,  a n d  R o o m s  1 0 1 ,

zOt,  2O9,  and 3O5 on upper f loors.  In  aI I  cases,  beta-gamra contaminat ion was

be tween  6 .4  x  7O2  and  1 .8  x  104  d i s /m in - l oO  cmz .  A  few  o f  t hese  a reas  a l so  had

alpha contaminat ion ranging up to 1.3 x 104 d is /min- loo cm2 by d i rect  readings

(removable a lpha contaminat ion ranged up to 18 d is /min- lOO cm2).  Eight  con-

taminated waI I  areas rdere ident i f ied in  the 1977 survey-- three in  Room lO1,  one

in Room 1O2, t rdo in  Room lO9,  and two in Room 2O9. At  a l l  these locat ions,

be ta -gamma con tam ina t i on  was  be tween  5 .8  x  1O3  and  8 .0  x  lOs  d i s , /m in - l oo  cm2  as

measured by d i rect  readings.  These areas a lso had contact  exposure rates above

the background level ,  ranging between O.06 and 70 mR/h.  The f ina l  contaminated

i tem was a c lay t i le  vent  p ipe in  the f loor  of  the at t ic .  The p ipe had a lpha

and  be ta -gamma con tam ina t i on  o f  6 .4  x  lOs  c t s /m in - IOO cm2  and  1 .7  x  l oa  c t s /m in -

1OO cm2, respect ive ly ,  as measured by d i rect  readings.  This was the only area

that gave a beta-gamna snear reading above the measured background. The smear

indicated 98 d is /min-1OO cm2 beta-gamna,  wi th an a lpha reading of  92 d is /min-1OO

c m 2 .

Because of  program di rect ion for  radio logical  assesament  in  L977,  equipment

in the building was not moved, and the sewers were not surveyed. The subsequent

remedial action involved removal of the contamination on the concrete and wood

f loors and br ick wal ls .  Decontaminat ion of  smal l  areas involved chipping the

host  mater ia l .  For  larger  areas of  contaminat ion,  remedia l  act ion involved

removing concrete and soi l  (as in  Rooms 1 and 2) ,  removinS br icks f rom the wal l

(as in  Rooms 101,  1O9 and 2O9>, and removal  of  the t i le ,  wood,  and insulat ion
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(as  i n  Rooms  101  and  209 ) .  The  remed ia l  ac t i on

ment  and benches,  as wel l  as cont inual  surveying

Instru.mentat ion

required surveyiug below equip-

dur ing decontaminat ion.

Four t l rPes of  por table survey inst runenta were used to conduct  the post-

remed ia l -ac t i on  d i rec t  r ad io log i ca l  su rveys .  P ropane  gas - f l ow  p ropo r t i onaL

detectors wi th window areas of  5 l  cn2 and IOO cm2 (us ing Eber l ine PAC-4G-3

electronics)  r rere used to moni tor  for  a lpha and/or  beta-gauna radiat ion.  Naf

c rys ta l  de tec to rs ,  5 - cm (2 - i n )  d i ame te r  by  2 - ^  t h i ck  (Ebe r l i ne  PG-Z  w iLh

Eber l ine PRM-5-3 e lect ronics) ,  were used to moni tor  for  low energy x-ray and

ganma rad ia t i on .  Na I  c r ys ta l  de tec to rs ,  measu r i ng  2 .5 -cm (1 - i n )  d i ame te r  by

2 .5 -cm (1 - i n )  t h i ck  (Ebe r l i ne  PRI ! -7  FR  me te r )  and  ca l i b ra ted  w i th  
"  

226 j "

s tandard source,  t {ere used to measure the ambient  external  penetrat ing radiat ion

f ie ld in  uni ts  of  pR/h.  An end-window Geiger- l tuel ler  (c l l )  detector  (Eber l ine

HP-r9O wi th a 7 mg/cm2 window and Eber l ine 53O electronics) ,  ca l ibrated wi th a
226p" s tandard source,  t tas used to measure the contact  exposure rate ( rnR/h)  of

contaminated areas.  A11 four  inst ruments used in th is  survey are descr ibed in

more deta i l  in  Appendix I  as are other  inatr r rments having s i te-speci f ic  appl i -

ca t i ons  f o r  s im i l a r  au rveys .

Al though 239pu and goSr-goY 
standards were u6ed to cal ibrate the gas- f low

instruments r  i t  should be noted that  the numeroua isotopes that  could be en-

countered exhib i t  emiss ion energies d i f fer ing f rom those of  the standards used

in the cal ibrat ion.  For  the purpose of  th is  aurvey,  a convers ion factor  for

normal  uranium was used to determine the appropr iate sur face contaminat ion.  The

methods used to determine the convers ion factors are descr ibed in Appendix 2.

Since inst rument  cal ibrat ions r rere to f la t -p late in f in i te ly  th in 239pr"  and
soSt-soy standards r  aI I  repor ted readings should be regarded as min inal  va lues I

no correct ions were made for  absorpt ion by sur face media.

l {henever possib le,  a contaminant  was ident i f ied by per forming gamma spec-

t ra l  analys is  on e i ther  the contaminated i tem or  on a sample of  mater ia l  taken

from a contaminated area.  A sodiurm iodide detector  coupled to a mul t ichannel

analyzer  was used for  th is  purpose.



Air  Samples

Air  par t icu late ( "grab")  samples were col lected us ing an ANL-nodi f ied '

commercia l  vacuurn c leaner to pul l  a i r  through the f  i l ter  mediu.m ( I IV-7O).  A

tota l  vo l  . 'ne of  26.7 m3 of  a i r  was sampled at  a f low rate of  4O cubic meters per

bour (m3/n) .  a lOf ,  por t ion (5 cm in d iameter)  of  the f i l ter  media was removed

af ter  sample col lect ion and counted for  both a lpha and beta-Sasxna act iv i ty  in  a

2n internal  gas- f low counter  (PC counter) ,  us ing a double-a lunin ized Mylar

window (Mylar  spun top)  -  O.85 mg/cm2. Concentrat ions of  radon (222Rn) daughters

and thoron (22oRn) daughters and the concentrat ion of  any long- l ived a i rborne

radionucl ides were determined based on the resul t  o f  sev€ral  couots of  each

sample at  speci f ied in tervals .  In format ion and assunpt ions used to determine

the concentrat ions are preaented in Appendix 3.

Ai r  par t icu late samples rdere a lso col lected on Mi I l ipore membrane f i l ter

media for  40 minutes at  a f low rate of  approximately  1.2 ms/h.  A por t ion of

each f i l ter  sample was used for  a lpha spectra l  analys is  to determine the act inon

(2leRn) daughter  to radon (222fu1)  daughter  rat io .

Grab  a i r  samp les  we re  a l so  co l l ec ted  i n  0 .5 - l  Ebe r l i ne  sc in t i l l a t i on  ce l I s .

Evacuated cells were taken into several rooms and the vacuum drew air through

glass- f iber  f i l ter  paper.  The a i r  sample was a l lowed to equi l ibrate for  more

than three hours before the sample waa counted for 3O or 5O minutes to determine

the radon gas concentrat ion.

Soi l  and Sewer Samples

During the decontamination of the floor in Rooms I and 2, concrete and soil

were removed. Thus, when members of the ANL/RSG arrived, there was an excavation

trench f rom Room I  to  Room 2.  Six  soi l  samples were col lected f rom th is  exca-

va t i on .

During the 1977 survey, DOE Headquarters had indicated that the survey of

the sewer system should be postponed unti l the decontamination stage. Therefore,

in  accordance wi th that  d i rect ion,  dur ing the post- remedia l -act ion survey,  the

four manhole covers in the basement of Kent Chenical Laboratory rtere removed and

a s ludge sample was taken f rom each hole.

The soil and sludge sauples were prepared for analysis by weighing each

sample in its ttas collectedil state, drying it for approximately 48 hours at
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80o C,  and then reweighinS the sample to determine dry weight .  Each sample was

then  pu t  i n to  m i I I  j a r s  (8 .7  9 ) ,  and  o i l l ed  f o r  up  to  two  hou rs .  A t  no  t ime

were any rocks crushed,  ground or  pulver i -zed,  s ince th is  would act  to  d i luLe,

and  hence  l ower ,  t he  repo r ted  conceo t ra t i on  o f  depos i t ed  rad ioac t i ve  ma te r i a l .

A f t e r  su f f i c i en t  n i l l i ng ,  t he  samp le  ma te r i a l  was  s ieved .  Each  f rac t i on  ( rocks

and  d ross  vs .  f i nes )  was  bagged  and  we ighed  sepa ra te l y .

Weighed a l iquots of  the f ines were then loaded into screwtop p last ic  con-

ta ine rs  f o r  ana l ys i s .  A l i quo ts  o f  lO0  g ,  i f  ava i l ab le ,  we re  p repa red  fo r  gamma-

s p e c t r a l  a n a l y s i s ,  a n d  5  g  f o r  r a d i o c h e m i c a l  ( f l u o r o m e t r i c )  a n a l y s i s  ( s e e  F i g . 7 ) .

Every ef for t  was made dur ing sample preparat ion tso prevent  cross-contaminat ion.

Soi l  samples suspected of  conta in ing e levated levels of  radioact iv i ty  were

processed in equipment  separate f rom the soi l  samples considered to conta in

background levels.  AI I  processing equipment  rdas scrubbed and a i r  dr ied before

int roduct ion of  the next  sample.

The samples were submit ted to the Analyt ica l  Chemist ry  Sect i .on of  the

Chemical  Engineer ing Div is ion at  Argonne NaLional  Laboratory for  radiochemical

analys is  of  uranium content  ( f luorometr ic)  and Saorma-spectra l  analys is .  This

inc luded quant i f icat ion of  the 226pr chain and the 23276 chain.  Two samples

were a lso analyzed for  the atom percent  abnndaoce of  urani lm isotopes (mass

spectrometry) .  The procedures used for  so i l  analys is  are descr ibed in Appendix

4 .

RADIOLOGICAI ST]RVEY RESULTS

General

The PAC-4G-3 inst rnment  readings were made wi th a lo0-cm2-window-area probe

designed at  ANL.  In th is  repor t ,  the readings are equated to normal  uranium.

The readings are repor ted in  Table I  in  net  count  rates,  i .€ . ,  the background

count  rates have been aubtracted f rom the gross count  ratea pr ior  to  convers ion

to d is /min- lOo cm2. Since a l l  a lpha readings eere measured at  the background

Ievel ,  i t  was not  neceasary to correct  for  a lpha contr ibut ion to tbe beta-garnna

read ings .

The readings with the Gll end-window, the pR meter, and the PRll-5-3, are

reported as Sross mR/h,  FR/h,  and cts /min respect ive ly .  The backgrourd levels

varied somewhat as exlrected. The average background readings for all instru-

oents used in the survey are given in Appendix l.



Instru.ment Survey

Dur ing the 1983 post- remedia l -act ion survey,  the contaminated areas de-

tected in  the 1977 survey were a l l  checked,  and the resul ts  ind icated that  areas

in s ix  of  the rooms st i l l  erere contaminated wi th radioact iv i ty  above background

levels

In  Rooms  I  and  2  ( see  F igs .  8  and  9 ) ,  pa r t  o f  t he  conc re te  f l oo r  had  been

removed as indicated in  F igure 3,  and soi l  had been removed down to a depth of

2 f t .  Por table inst rurnent  measurements of  res idual  so i l  contaminat ion are

presented in Table 1.  The maximum reading came f rom a d i r t  p i le  in  Room 2

beside the excavat ion s i te .  The PAC-4G-3 indicated beta-ganma contaminat ion of

up to 54OO dis/min-1OO cm2 above background equated to normal  uranium. The

en t i r e  d i r t  p i l e  was  d i sca rded  as  so l i d  rad ioac t i ve  was te  (SRId ) .

Six  soi l  samples were taken f rom the excavated area in  Rooms I  and 2

(Fig.  3)  for  radi .ochemical  and gamma-spectra l  analys is  at  ANL s ince the por table

inst ruments do not  g ive as sensi t ive an indicat ion of  so i l  concentrat ion.  The

four manhole covers in the basement of Kent Laboratory were opened as shown in

Figure lO and a s ludge sample was col lected f rom the bot tom of  each hole in

order  that  a more sensi t ive determinat ion by radiochemical  and Sanma spectra l

analys is  could be made.  The por table inst ruments,  used to survey these holes,

a l l  read background levels.  However,  these readings cannot  be used to conclude

thaL the sewers are not  contaminated s ince the access points are rest r ic ted and

only gross contaminat ion can be expected to be seen on these inst ruments.

Residual  contaminat ion was found on the wal ls  and f loors of  Rooms 1Ol ,  109 t

and 2Og, and in a c lay vent  p ipe in  the at t ic .  In  the three rooms,  res idual

contaminat ion was found adjacent  to areas that  had been decontaminated.  The

gross instrument readings are given in Table 1. The vent pi.pe gave a maximun

beta-gamma readint  of  9.2 x 1O3 dis /min- loo cm2 as equated to soSt-eoy and

Locat ion 5 in  Roon lO9 gave a maximum beta-garnma reading of  1.1 x 104 d is /n in-

lOO cmz as equated to normal  uraniurn.  As a resul t  o f  these f ind ings,  addi t ional

decontaminat ion ef for t  was undertaken by Univers i ty  of  Chicago personnel .  As a

consequence of  th is  addi t ional  ef for t ,  a l l  contaminated wal ls  and f loors were

decontaminated to background levels before the ANL/RSG members completed their

survey.  The decontaminated areas are shown in F igures 11 through 14.
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The c lay vent i la t ion p ipe in  the at t ic  was not  decontaminated at  that  t ine

because i t  was bui l t  ia to the wal l  between Rooms 304 and 3O5 on the th i rd f loor

( see  F igs .6  and  f5 ) .  A f t e r  remova l  o f  t he  t op  sec t i on  o f  c l ay  p ipe  i n  t he

at t ic ,  the PG-2 probe of  the PRI! -5-3 inst rument  was lowered about  2 f t  in to the

rema in ing  P iPe ,  and  a  read ing  o f  1 .0  x  1O '  c t s /m in ,  i nc lud ing  a  2 .5  x  l os  c t s /m io

background,  was obta ined.  Before Ieaving the s i te ,  the ANL/RSG recommended that

heal th physics pract ices and coverate be uBi l ized dur ing removal  of  the c lay

vent  p ipe and that  i t  be d isposed of  as SRW.

Al though background radiat ion levels were measured in tshe sewers dur ing the

Portable inst runent  survey,  healLh physics coverage a lso was recommended dur ing

the excavat ion in  the basement  and removal  of  tbe sewer p ipe because of  the

I im i ted  access ib i l i t y  o f  t he  sewers  f o r  rad io log i ca l  su rvey .

On June 9 '  1983,  heal th physics representat ives f rom the Univers i ty  of

Chicago repor ted that  the contaminated c lay vent i la t ion p ipe v is ib le in  the

at t ic  terminated on the th i rd f loor .  The ent i re p ipe rdas removed by univers i ty

personnel  and d isposed of  as SRIJ.  Univers i ty  heal th physics represenLat ives

reported that  some of  the sewer p ipes were arso surveyed,  as recommended,  wi th

thei r  por table inst rnments dur ing the remodel ing.  Univers i ty  personnel  ind i -

cated that  inst rnment  readings of  the outs ide of  these sewer p ipes showed no

radiat ion levels  above background.  However,  s ince there may have been low

levels of  sewer contaminat ion that  r rere not  detected by th is  survey method,  as a

precaut ion,  the aener p ipes were d iscarded as radioact ive waste.

Ai r  Samples

The radon (222Rn) concentrat ions,  Work ing Level  ( t { I ) ,  and thoron lzzopo;

concentrat ions determined f rom the two a i r  samples col lected according to the

ANL method descr ibed in Appendix 1 and calculated as descr ibed in Appendix 3 are

given in col t 'mns 5,  6,  and 7 of  Table 2.  The radon concentrat ions determined

from the f ive a i r  sauples col lected us ing the sc int i l la t ion cel ls  (as descr ibed

in Appendix l ) ,  are g iven in f ,e f r rmn 9 of  the table.  The reaul ts  of  the two

di f ferent  sample-col lect ion methods used in Rooms I  and 2 are in  agreement

within the degree of uo,certainty of the nunbers as calculated from the aquare

root of the total counta for each sauple. The radon-daughter tJorking Levels of

2 .9  x  10  4  t { L  and  7 .5  x  lO '  WL  were  we l l  be low  the  c r i t e r i on  o f  O .O l  VJL  above
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backg round  as  spec i f i ed  i n  t he  U .S .  Su rgeon  Genera l ' s  Gu ide l i nes  as  i nc luded  i n

10  CFR 7 f2 .  The  radon  concen t ra t i ons ,  r ang ing  f rom 0 .06  t  O .O2  to  O '22  !

o.o7 pcL/9,  were a lso below the 3 pCi /9 requi rement  for  radiat ion protect ion

spec i f i ed  i n  DOE 5480 .1 ,  Chap te r  X I .  Tbe  tho ron  concen t ra t i ons ,  r ang ing  uP  to

0.0038 pci /9,  were below the lo  pc i /9 requi rement  g iven in DOE 5480' r  (see

Appendix 6) .  No act inon daughter  concentrat ion or  }ong- l ived a i rborne radio-

nucl ide concentrat ion above the l imi ts  of  detect ion was observed'

So i I  Samp les

A l I  so i l  samp les  (nunbe red  KC-S4  th rough  KC-S9) ,  we re  co l l ec ted  to  a  2 - i n '

to  3- in .  depth.  Sample weights are g iven in Table 3r  and the analyses resul ts

are g iven in Table 4.  Background soi l  sample data f rom the nor thern I l l ino is

area are g iven in Table 5.  The analyses resul ts  of  three envi ronmental  samples

taken dur ing the 1977 survey are g iven in Table 6.  The envi ronmental  samples

e re re  co l l ec ted  us ing  a  4 - i n .  d i ame te r r  6 - i n . l ong ,  r i gh t - c i r cu la r - cy l i nde r

cut t ing tool  commonly used to cut  holes on gol f  Sreens.  Each soi l  core was

12 in.  long and was d iv ided into four  segments for  analys is .  Star t ing f rom the

sur face,  three 2- in segments were cut ,  bagged,  and marked A,  Br  and C resPec-

t iwely;  the f ina l  segment  of  6 in  was marked D.  The sample locat ions are shown

in Figure f5.  The concentrat ions of  radio isotopes in  these samples were a l l

backg round  l eve l s .

The maximum readings with the portable instnrments were obtained in the

di r t  p i led beside the t rench in Room 2.  The sample f rom th is  p i le  is  KC-S8'

However,  as seen in Tab1e 4,  the maximum uranium concentrat ion based on labora-

tory analys is  occurred in  the t renches where samPles KC-S5r KC-S7 and KC-S9 were

taken.  The mass spectrometr ic  analyais  of  KC-55 indicated normal  uranium'

Table 7 indicates uranium isotopic abundances that  are idenLical  to  the abund-

ancea found in nature;  however,  Table 4 indicates the uraniurn has been separated

from i ts  daughter  products 1226p" decay chain) .  I t ,  therefore,  is  concluded that

the soil was contaminated with normal urani-un since these analyses are the only

sensi t ive methods for  assessing the radio logical  condi t ion of  the soi l '
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Sewer Sludge

As indicated in  Table 4,  three of  the four  s ludge samples col lected f rom

the sewers in  the basement  of  Kent  Chemical  Laboratory show elevated levels of

uranium. Based on the 226X" decay chain and uraniun cgncentrat ions in  Table 4

and the isotopic abundances l is ted found in Table 7,  i t  is  concluded that  the

sewers are contaminated wi th normal  uraniun.  Since these radiochemical  and

Sannna spectrometr ic  analyses are the most  sensi t ive nethods of  assessing the

radio logical  condi t ion of  the sewers,  i t  must  be concluded f rom the resul ts  of

these analyses that  the sewer l inee are contaminated as speci f ied in  the NRC

gu ide l i nes  da ted  Ju l y  1982 .

Ven t i l a t i on  P ipe

A piece of  the contaoinated c lay vent i la t ion p ipe removed and analyzed by

Univers i ty  of  Chicago heal th physics personnel  was found to conta in uraniurn and

thor iun.  The p ipe was then t ransported to Al {L for  fur ther  analys is .  The resul ts ,

presented in Table 4,  ind icate that  the uraniun and thor i r rm detected in  the

Univers i ty  of  Chicago analys is  are pr ioar i ly  natura l  components of  the c lay

rather  than contaminat ion resul t ing f rom I {ED/AEC act iv i ty .  The survey in  19771

and surveys of  the p ipe p iece analyzed by ANL Analyt ica l  Chemist ry  Laboratory

(see Table l )  ind icated that  the radioact iv i ty  detected was f rom both a lpha and

beta emit ters.  Since the Sarma spectra l  analys is  fa i led to ident i fy  the con-

taminat ion,  the emit ters rdere equated to 6.239pu for  the a lpha and gosr-goy 
for

the beta in  order  to convert  the PAC reading f rom cts/min to d is , /n in.  Since the

pipe has subsequent ly  been removed by Univers i ty  of  Chicago personnel  and d is-

posed of  as sol id  radioact ive r raste,  no fur ther  ef for ts  to ident i fy  the con-

taminat ion are deemed neceasary.

CONCLUSIONS

Based on the resul ts  of  the poat- remedia l -act ion survey and the analys is  of

the soi l  and sewer s ludge saryIes,  the fo l lowing conclus ions have been drawn:

l .  Soi l  Contaminat ion: Since there ie  no standard that  d i rect ly  per ta ins to

for  th ie a i te ,  the reeul ts  of  the post- remedia l -act ionsoi l  contaminat ion
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analys is  were compared to the EPA Standard '  40 cFR Chapter  I ,  subchapter  F '

pa r t  t gz . l 2  f o r  u ran ium M i I l  Ta i l i ngs  ( see  Append i x  5 ) .  The  so i l  samp les

l is ted in  Table 4 were col lected before the f ina l  removal  of  so i l  by the

univers i ty  of  ch icago.  Af ter  the f ina l  so i l  removal ,  por table inst rument

readings indicated that  tbe levels of  act iv i ty  had been lowered through

addi t ional  removal  of  d i r t .  The concentrat ions shown in Tab1e 4 (which are

higher  than the f ina l  concentrat ion of  the remain ing soi l )  when averaged

ove r  a  I a rge  a rea  (1OO squa re  me te rs )  a re  we l l  be low  the  15  pC i /g  s tanda rd

for  radi : : t rm.  226.  The values are a lso below the recommended l imi ts  of

40 pCi /g for  uranium-238 and uraniun-234 ( f rom LA-UR-79-1865-Rev) '  There-

fore,  i t  is  concluded that  the soi l  in  Rooms 1 and 2 have been sat is-

factor i ly  c leaned up to meet  th is  appl ied cr i ter ion '

2 . Surface Contaminat ion:  The sur face contaminat ion the Kent Chemical

Laboratory has been c leaned to levels  that  are as low as reasonably achiev-

able (ALARA) and meet  tbe cr i ter ia  speci f ied in  the Draf t  Amer ican Nat ional

S tanda rd  N13 .12  and  the  NRC ' rGu ide l i nes  f o r  Decon tam ina t i on  o f  Fac i l i t i es

and Equipment  Pr ior  to  Release for  Unrestr ic ted Use or  Terminat ion of

L icenses for  By-Product ,  Source or  Specia l  Nuclear  Mater ia l  ,  "  dated

Ju Iy  1982 .

Sewer Contaminat ion:  Contaminat ion was found at  accessib le points in  the

sewer.  Past  exper ience of  ANL Heal th Physic is ts  ind icates that  contami-

nat ion in  other  par ts  of  the sewer can be even Sreater '  The NRC t tGuidel ines

for  Decontaminat ion of  Faci l i t ies and Equipment  Pr ior  to  Release for  Unre-

st r i -c ted use or  Terminat ion of  L icenses for  By-Product ,  source or  specia l

Nuc lea r  Ma te r i a l , "  da ted  Ju ty  1982 r  s ta tes :

"The radioact iv i ty  on the in ter ior  sur faces of  p ipes,  dra in

I ines,  or  ductwork shal l  be determined by making measure-

ments at  a l l  t raps r  and other  appropr iate access points t

prov ided that  contaminat ion at  these locat ions is  l ike ly  to

be rePresentative of contamination orr the interior of the

p ipes ,  d ra in  l i nes ,  o f  duc two rk .  Su r faces  o f  p rem ises  t

equipmentr  or  scrap which are t ike ly  to be contaminated but

3 .



t 2

a re  o f  such  s i ze ,  cons t ruc t i on ,  o r  l oca t i on  as  t o  make  Ehe

su r face  i naccess ib re  f o r  pu rposes  o f  measu remen t  sha l r  be

p res i l ned  to  be  con tam ina ted  i n  excess  o f  t he  l im i t s . , t

T h e r e f o r e ,  b a s e d  o n  t h e s e  g u i d e l i n e s ,  t h e  s e w e r s  r e m a i n i n g  u n d e r  t h e  b u i l d -

i n g  a r e  c o n c r u d e d  t o  b e  c o n t a m i n a t e d  i n  e x c e s s  o f  t h e  c r i t e r i a .
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Figure 8.  F loor  of  Room l -  af ter  Decontaminat ion.

Figure 9. Trench from Room 1 to Room 2.
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Figure 10.  Sewer in  Basement  of  Kent .

Wal l  o f  Room 101 af ter  Decontaminat ion.



Figure 12.  Wal I  of  Room 109 af ter  Decontaminat ion.

Figure 13.  Wat l  o f  Room 209 af ter  Decontaminat ion,
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FOOTNOTES FOR TABLE T

tTh.  
b. t "  mode d i rect  readings and a lpha mode d i rect  readinSs are taken wi th PAC

inst4rnents (see Appendix f ) .  The beta mode detects both e lect romagnet ic  and

part icu late radiat ion.  I f  an area indicated an inst rument  reading h igher  than

background,  a beta mode reading was obta ined.  The inst runent  rdas then swi tched

to Lhe a lpha mode,  and a reading of  the a lpha contaminat ion was obta ined.  In

the a lpha mode,  the inst rument  only  responds to Part ic les wi th h igh speci f ic

i on i za t i on ,  such  as  a lpha  pa r t i c l es .  The  be ta  mode  read ings  were  compensa ted

for  any atpha contr ibut ion by subtract inS the a lpha mode reading.

b* ,  = Not  Selected,  ind icat ing that  the room or  area was not  se lected for  an a i r

samp le .  A i r  samp les  we re  co l l ec ted  a t  l oca t i ons  whe re  so i l  was  exposed  as  a

resu l t  o f  t he  excava t i on .

TBKGD = Background. The fo l lowing are

Beta ltode

Ehe inst rument  background readings:

PAC-4G-3

PRlt-5-3

Alpha Mode

O - 5  c t s / m i n - l O O  c m 22OO-4OO cts/min- lOO cm2

1 . O - 3 . O  x  1 0 3  c t s / n i n

GM End Window Detector  read (  O.O3 mR/h at  contact

; . rR/h meter  reading at  I  m above f loor  4-15 t tR/h.

d'NA = Non-Appl icable.  No contaminat ion was detected above background in the

beta mode;  therefore,  Do a lpha mode or  contact  GM End l { indow survey htas

n e c e s s a r y .

"o = Alpha;  Py = Beta-Gamma (The beta-gama readings are compensated for  any

alpha contaminat ion by subtract ing the a lpha reading-)

fNRR = No Reading Recorded.
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TABLE 3

SA}IPLE I{EIGHTS
(grans )

Sanple
Nunber

llet
lJeight

Dry
Weight

Sieved
tleight

Rocks
and

Dross

KC-S4
KC-S5
KC-S5
KC-S7
KC-38
KC-59

KC-SSIO
KC-SSt  I
KC-SS12
KC-SS13

KC.PIPE-T4

SOIL

3 r  l 3
274r
2738
3235
r262
3383

SETIER SLTJDGE

929
r530
r448
r509

CI.AY PIPE

3393
3r85
3207
3562
1404
3743

2t49
2146
1557
20r5

820
r849

429
r389
594
5 1 3

955
589

rr77
r2  r8

440
r530

r296
2020
1706
r 7 7 l

550

484
r34
846
993
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TABLE 4

GA}IMA SPECTRAL A}ID TJRANITIM FLUOROMETRIC
ANAIYSES OF SAHPIJS

Gamma Sp. . t t " ,  PCi /gto"

Sample

N o . I  3 7 9 "

23276

Decay
Chain

226p"

Decay
Chain

Uraniun Fluorometr ic

1tg/g ! ro1o P}L/S t r0%b

KC-54
KC-55*
KC-S6*
KC-S7*
KC-S8?t

KC-59*

KC-SS lO
KC-SS1  1
KC-SS12
K C - S S 1 3

< o .  0 3
< 0 . 0 3
< 0 .  0 3
< 0 .  0 3
< 0 . 0 3
< 0 . 0 3

KC-P ipe -  l 4
Con tam i -  O .O5+0 .  03
nated
c o n t r o l c  o . 1  t o . o 5
Etch
Solut iond

SOIL

o . 2 1 t 0 . 0 6  0 . 3 1 + O . 0 3
o . 1 9 1 0 . 0 5  0 . 6 5 9 0 . 0 7
o . 2 4 + O . O 7  3 .  7 6 t O . 3 8
o . 5 3 t o . 0 6  4 . 4 7 + O . 4 5
o . 5 1 ! 0 . 0 6  1 6 . O 0 t 2 . O O
o . o 4 t o . 0 2  1 3 . 0 0 t 1 . o o

SEWER SLUDGE

o  . 6 6 + 0 .  0 7  9  . 5 0 + l  .  o o
o . o 5 + o . 0 3  0 . 4 7 + O . 0 5
o . 5 0 t 0 .  0 6  9  . 3 0 ! 1  .  O 0
2 . 2 O ! O  . 2 2  t  1 0 . 0 0 1 1  .  o o

CLAY VENTILATION PIPE

o .5  t o .3

1 . 1  t O . 5

o . 9  + 0 . 4

0 . 8  t o . 4

1 . 4 1  o . 1 4
3 5 . O t  3 . 5 0

8 . 0 !  o . 8 0
3 3 . O t  3 . 3 0
1 9 . O t  1 . 9 0
2 3 . O t  2 . 3 0

o . 9 6 t  o . 0 9 6
2 3 . 9  !  2 . 3 9
5  . 5  t  o . 5 5

2 2 . 5  !  2 . 2 5
1 3 . O  t  1 . 3 0
1 5 . 7  t  1 . 5 7

o . 8 1 t 0 . 0 8
0 . 0 6 1 0 .  0 2
0 .  3 0 + o . 0 4
0 . 5 0 1 0 . 0 5

1 6 0 .  O t 1 6 .  o o
1  . 8 +  0 .  l 8

2 1  . 0 t  2 .  1 0
5 4 . 0 +  5  . 4 0

p g  T o L a l

1 0 9  . 3 1 1 0 . 9 3
L . 2 +  O . L 2

1 4 . 3 +  1 . 4 3
3 5 . 9 !  3 . 6 9

+r
pC i  To ta l "

1 11 6

aOne 
standard deviat ion due to count ing stat is t ics '

bA*L 
.or,.rersion from Appendix 5.

cCon t ro l  
samp le  (27 .3  g )  was  ch i se led

ds.rp l .  
KC-PIPE-14,  t i le '  was t reated

remove uraniun bY dissolution.

f rom the unetched s ide of  vent i la t ion p ipe '

with 8M IINO3 on its inside surface to

c o m m e n t s  - - - r J - ^  - ^ , . 1 . .  D . ^  r a n a
The ventilation pipe was brokeu into four pieces so that counting could be done

at  meaningfu l  geometr ies.  Coaclus ions are that  some of  the act iv i ty  was d is-

solved dur ing the chemical  etchl  however,  the bulk of  the act iv i ty  s t i l l  remains

embedded in the t i le  matr ix .

*Areas subsequent ly  c leaned to levels  below detectable l imi ts  wi th por table

survey instrurnents during poat remedial ,action survey activit ies '
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L E 5

BACKGROTI}ID SOIL SA}IPIJ DATAE
Ces iuo- I37 ,  Thor i rn -232r  and
Natural Uraniuo in SoiI '  1979

(Conccntrat iona io PCil  g)

Date
Col lec ted Locat ion Cesiu!-137 Thoriun-228 Radiun-226

Uraniun
(natura l  )

June 6
June 5
June 5
June 6
June 6

Deceober l0
December lO
December lO
December l0
December 1O

June 5
June 5

June 5

June 12
June 12
June 12

October 4
October  4

October 9

October 9

b
Argonne Area
Argonne Area
Argonne Area
Argonne Area
Argonne Area

Argonne Area
Argonne Area
Argonne Area
Argonne Area
Argonne Area

Averate

Channahon, IL
Starved Rock

Sta te  Park ,  IL
M o r r i e ,  I L

Dosnere Grove, IL
Weatern  Spr ingsr  IL
Brook f ie ld ,  IL

t { i l l ow Spr ings ,  IL
9oodridge, IL

ltcKinley lJoods
Sta te  Park ,  IL

Dreeden Lock
and Dam,  fL

Average

l .  o t o .  I  o . 8 t 0 .  r l . o t o . l  l . 3 t o . 1

o  .6 to .  I
o . 5 t o .  I
2 .  l t o .  I
r  . 3 t o .  r
o . 8 r o .  I

o .  l t o .  I
o . 4 t 0 .  r
l . r l o . l
I  . 3 1 0 .  I
1 .  l t o .  r

o . 9 t o . 4

0 . 8 r 0 .  I

o . 7 t o .  r

2 .  E to .  I

o .5 ro .  r
o .8 !o .  r
r . 3 ! 0 .  I

o .9 to  .  r
l . l t o . l

o . 9 t o .  r
o . 9 l o . 2
o . 8 t o .  I
0 . 9 r 0 .  r
0  .8 to .  r

o . 6 t o .  r
o .  7 t o .  I
o .  7 to .  r
o . 9 t o .  I
0 .  E to .  r

o . 8 t o .  r

0 . 8 t o .  I

o . 4 r 0 .  r

o . 5 r o .  I

I  . 0 ! o .  1
0 . 9 t o .  r
o . 9 t o .  I

o . 8 t o .  I
o . 8 r o .  I

r  . 2 t o .  I
r  . 8 t 0 . 2
1 . 2 ! o . l
1 . l t o . l
l . l t o . l

I  . 0 r o .  I
l . o l o . l
1 . 1 t 0 . 1
0 . 8 t 0 .  I
o . 9 t o .  I

I  .  l t o . 2

0 . 9 t o .  r

o . 7 t o .  I

2 . 3 ! O . 1

1 . 2 t O .  I
l . 7 t o . l
r  . 3 ! 0 .  I

I  . 2 t O .  r
I  . 2 1 0 .  I

r  .4 to .  I
r . 4 ! o . 2
r  . 8 r o . 2
r  . 5 r 0 . 2
r  . 3 t 0 .  r

I  . 6 + 0 .  I
I  . 5 t O .  I
I  . 2 1 0 .  I
l . l t o . l
0 . 9 t o .  I

r . 4 ! o . 2

t . l t o . l

o . 8 t o .  r

3 . 8 r O . 5

1  .  O to .4
t . 9 ! o . 2
r . 6 ! 0 . 2

0 . 9 1 o .  I
1  . 3 1 0 .  I

o . 4 r 0 .  I

r  .  o ro .4

0 .  7 t o .  r

o . 8 t o .  r

I  . 2 rO .  I

1 . 3 t o . 3

I  . 4 t 0 .  I

r  . 5 ! O . 6

"Th."" resultB are tranecribed frou "Environnental l lonitoring at Argonne National

Laborarory :  Annua l  Repor t  fo r  1979r '  (ANL-8O-29)  by  N.  l J .  Go lcber t ,  T .  L .  Duf fy '  and

J .  S e d l e t .

bAlI 

" ia"" 
marked [Argonae Area! '  sere sitbia 3[s $6rrndaries of ArSonne National Laboratory

near  Leoont ,  I l l i no is ,  eouthres t  o f  Ch icago-
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TABLE 5

GA}IHA.RAY SPECTRAL AND T]RANITN{-FLUOROMETRI C

AI{ALYSES OF SOIL SA}TPIJS

Gamra Spectra oci/ *!;oa

SampIe

Number 1 3 7 9 "

232y6

Decay

Chain

226 j "

Decay Uraniun Fluorometr ic

Chain pelstlo%b PCileflO%c

KC-  1A
KC-  18
KC-  lC
KC-1D

KC.2A
KC-28
KC-2C
KC-2D

KC.3A
KC-38
KC-3C
KC-3D

LFE
B lank

0 . 8 2 + 0 . 0 5

0 . 8 2 + 0 .  0 6

I  . 4 5 ! 0 .  0 7

o .  o0+o .  04

0 . 9 + 0 .  1 o . 8 5 t 0 . 0 8

o .7+o .2 I  .  OO+O.  09

o .6 to .  1 0 . 8 0 t o - 0 7

o .o to .  1 o .  oo to .  06

4 . 9 + O . 4
2 . 4 ! O  . 3
3 . 2 + O  . 4
I  . O t o . 5

5 .  O t O . 6
2 . 6 + 0 . 3
3 . 8 + 0 . 5
2 . 6 ! 0  . 4

2 . r l o . 4
1  . 5 + O . 4
2 . 5 ! O  . 4
1  .  O + 0 . 3

o . 0 + 0 . 2

3 . 3 1 0 . 3
L . 6 ! 0 . 2
2 . 2 + O . 3
0 .  7 t o .  3

3 . 4 t O . 4
1 . 8 1 0 . 2
2 . 6 + 0 . 3
1  . 8 + O . 3

1  . 4 t O . 3
1  .  O + O . 3
1  . 8 + 0 .  3
o .  7 t o . 3

o .  o + o .  1

aOne 
standard deviat ion due to count ing stat is t ics

OD"a" 
resul ts  f rom LFE Corporat ion Envi ronnenta l  Analys is  Laborator ies.

CANL 
.orr.rersion from Appendix 5.
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TABI.E 7

TIRAIIU}I TASS SPBCIROSCOPIC AI{ALYSIS

Sauple
N o .

Ator I U
235 238

KC-55

KC-SSrO

< o.ooo5

< o.ooo5

o.0056
r o.ooo5

o.oo5r
t  o.ooo5

0.7345
t  o.oo20

o.72tr
t  o.oo20

o. oooS
t o.ooo5

<0. ooo5

99.259
t  o .oo3

99.274
t  o . o o 3
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APPENDIX T

INSTRT'UENTATION

I. PORTABLE RADIATION SI.JRVEY I{ETERS

A .

The Eber l ine PAC-4G-3 was the pr imary instnrnent  used for  surveying.  This
inst rument  is  a gas- f low proport ional  counter  which ut i l izes a propane gas-
p ropo r t i ona r  de tec to r ,  5 l  cm2  (Ac -21 ) ,  l oo  cmz  o r  325  cmz  (Ac -22 )  i n  a rea ,  * i t t
a  th in double-a luminized l ly lar  window (-  O.g5 mglcm2).

Since th is  inst rurnent  has nul t ip le h igh-vol tage set t ings,  i t  can be used
to d is t inguish between a lpha and beta-garnna contaminat ion.  This inst runent  as
in i t ia l ly  used in the beta mode.  In that  mode,  the detector  responds to a l  ha
and beta pat ic les and x-  and gamna-rays.  When areas indicated a h igher  count
rate than the average inst rument  background,  the beta-mode reading was recorded,
and the instrument htas then switched to the alpha mode to determine any alpha
conLr ibut ion '  In  the a lpha mode,  the instnrment  responds only to par t ic les wi th
h igh  spec i f i c  i on i za t i on .

The a lpha vol tage is  set  to  16oo V,  and the input  d iscr iminator  is  set  to
1 '5  mV'  The inst rument  is  then cal ibrated in  the a lpha mode wi th four
f l a t -p la te ,  i n f i n i t e l y  t h i n  NBS- t raceab re  239pu  s tanda rds ,  and  i n  t he  be ta  mode
w i th  a  f l a t -p Ia te ,  i n f i n i t e l y - t h i n  NBS- t raceab le  sog r - soy  s tanda rd .  The
PAC-4G-3 instnrments are cal ibrated to an apparent  50% detect ion ef f ic iency.

B .

l lhen an area of  contaminat ion was found wi th a PAC inst rument ,  a reading
was taken wi t 'h  an Eber l ine Beta-gamma Geiger-Muel ler  Counter ,  Model  E-53o,  wi th
a  HP-19o  p robe .  Th i s  p robe  has  a  t h i n  m ica  end  w indow and  i s ,  t he re fo re ,  sens i -
t ive to a lpha and beta par t ic les and x-  and garnma-rays.  A th in p iece of
a luminum is  added to the mica,  making the window densi ty  approximatefy i  mg/cmz.
At  th is  densi ty ,  the instnrment  is  not  sensi t ive to the major i ty  of  a lpha
emiss ions '  A maximum reading is  obta ined wi th the probe p laced in contact  wi th
the area of  contaminat ion.  In  th is  posi t ion,  the response ( in  mR/h)  to gamma
radiat ion is  general ly  conservat ive re lat ive to a determinat ion of  nrad, /h at
I  cm'  This inst rument  is  ca l ibrated in  mR/h wi th 

"  
226p" s tandard source.

C.  Low-Energy Gamma Scint i l la t ion Survey Meter

An Ebert ine Model  PRl l -s-3 wi th a PG-Z gamma scint i l la t ion detector  was
used to determine low-energy x and ganma radiat ion.  The pG-2 detector  consists
of  a th in NaI(T9)  sc int i l la t ion crysta l  5 cm (2 in . )  in  d iameter  by 2 rnnr  th ic
This inst rurnent  is  ca l ibrated on three separate d iscr iminators for  three ener
reg ions  us ing  23ep . t  ( 17  kev ) ,  241g r  (59 .5  kev )  and  23sg  (1g5 .7  keV)  sou rces .
This i -nstnrment  can be operated in  e i ther  a d i f ferent ia l  ( to  d iscr iminate be-
tween d i f ferent  energy regions)  or  in tegra l  mode.



h-Ener

36

APPENDIX 1
( c o n t ' d .  )

Sc in t i l l a t i on  Su rve

An Eber l ine Hicro t rRi l  meter  model  PR. l ! -7 qtas used to detect  h igh-energy

gamma radiat ion.  This inst rument  conta ins an in ternal ly  mounted NaI(T9)  sc in-

r i l l a t i o n  c r y s c a l  2 . 5  c m  1 r  i n . )  i n  d i a m e t e r  b y  2 . 5  c m  ( r  i n ' )  t h i c k  a n d  c a n  b e

used  to  measu re  f i e l ds  o f  l ow- leve l  r ad ia t i on  be tween  10  FR/h  and  5O0O t jR /h '

This inst rument  is  used to survey ambienE background radiat ion '  I t  is  held I  m

from Lhe sur face dur ing the aurvey.  This inst rut rent  is  a lso cal ibraLed wi th a

s tanda rd  2267^  sou rce .

E .  P ressu r i zed  Ion  Chamber

In addi t ion to the PRl t -7,  a preasur ized ion chamber (Reuter  Stokes Model

RSS- f1 f )  r das  used  a t  se lec ted  l oca t i ons  t o  de te rm ine  the  amb ien t  rad ia t i on

f i e l d .  The  Rss - l l l  has  t h ree  ou tpu t  modes :  ( r )  i ns tan taneous  exPosu re  raLe ,  (2 )

s t r i p  cha r t  d i f f e ren t i a l  r eadou t ,  and  (3 )  i n te8 ra ted  exposu re '  The  chamber  i s

m o u n t e d o n a t r i p o d ' 3 f t ( - 1 m ) a b o v e L h e s u r f a c e a n d h a s a u n i f o r m e n e r g y
response  f rom abou t  o .2  MeV to  abou t  4  MeV.  A  3 -h  pe r i od  o f  ope ra t i on  i s

usua l l y  su f f i c i en t  t o  ob ta in  s i gn i f i can t  da ta  '

II. SMEAR-COIJNTING INSTRIJMENTATION

An ANl-designed gas- f low proport ional  delector  connected to an Eber l ine

Mini  scaler  Model  MS-2 was used to count  mul t ip le smears s imul taneously.  This

detector  has a double-a lurn in ized Mylar  window (400 cm2) and uses P-10 (9O% argon

and lo% methane) as the count ing gas.  The metal  sample holder  for  th is  detector

has  been  mach ined  to  ho ld  t en  smear  PaPers .  Th i s  pa r t i cu la r  sys tem cons i s t s  o f

two Min i  scalers and two detectors.  one is  used to count  in  the a lpha model  the

other  is  used in the beta mode.  Up to ten samples can be counted s imul taneously '

Any smear taken f rom a contaminated area ldas counted indiv idual ly  in  a

Nuclear  Measurements Corporat ion gas- f low ProPort ional  counter  (PC-5 or  PC-3A) '

These inst rurnents have been roodi f ied to conta in a double-a luminized Mylar  sPun

top  (w indow) .  Th i s  t op  i s  p laced  ove r  non -conduc t i ng  med ia  (e .g .  pape r  smears )

to  nega te  t he  d ie lecL r i c  e f f ec t  on  the  coun te r .  Th i s  coun te r  a l so  uses  P -1O

count ing gas.  Smears are counted in both the a lpha and beta modes'

The pC counters are cal ibrated by adjust ing the input  d iscr iminator  wi th

the h igh vol tage set  at  7OO V unt i l  i t  begins to count  an a lpha source '  The

plateaus are run to establ ish the operat ing vol tages for  a lpha and beta-8anma '

The MS-2 input  d iscr iminator  is  set  to  2 nV and again p lateaus are run to

esLab l i sh  t he  ope ra t i ng  vo l t aSes .

I I I .  AIR-SA}IPLING DEVICES

Air  sampres were col lected us ing a cornrerc ia l ly  avai lable (ANl-nodi f ied

Fi l ter  eueen) vacuum cleaner ident i f ied as the "Pr incess Model .  "  A i r  was drawn

through a f i l ter  mediun at  a f low rate of  40 Dslh.  The f i l ters consist  of

2oo-c;2 sheets of  Hol l ingsworth-Vose (HV-70) or  L85211-9 mi I  f i l ter  paper '  The

co l l ec t i on  e f f i c i ency  a t  t hese  f l ow  ra tes  f o r  O .3 -pn  pa r t i c l es  i s  abou t  99 '9% '

D .
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A separate a i r  sample can be taken wi th a posi t ive d isp lacement  PumP
drawing about  2O l i tersr /min through a Mi l l ipore membrane (0.5 to O.8 pm) f i l ter
paper for  about  one hour.  An a lpha spectru l  can be measured f rom a sect ion of
t h i s  f i l t e r  pape r .  The  ra t i o  o f  ac t i non  121s i t t  -  6 .6217eY  o f  AcC)  t o  radon

1222pt t  -  7  .59 MeV RaC')  can be determined f rom th is  spectrum.

Ambient  radon concentrat ion measurements are a lso conducted by tak ing grab
samp les  w i th  de tached  O .5 -9  Ebe r l i ne  sc in t i l l a t i on  ce l l s .  The  0 .5 - ,  ce l l s  a re
coated on the ins ide wi th z inc sul f ide.  The top and s ides are wrapped wi th
whi te PaPer and b lack e lect r ica l  tape.  Af ter  a sui table t ime to a l low the radon
daughters to equi l ibrate (S-A hours)  the cel ls  are counted wi th an Eber l ine
SAC-RS photomul t ip l ier  count ing system for  30 or  60 minutes.

For  cal ibrat ion,  ten cel ls  were loaded wi th radon gas generated by the
radon bubbler  systen and \dere counted wi th Eber l ine SAC-R5 photomul t ip l ier
count ing systems.  The SAC-RS systems were set  up for  d iscr iminat ion of  a lO-mV
pulse at  a threshold set t ing of  l .O.  Cal ibrat ions were done for  both evacuated
and f low-through loading techniques,  and resul ted in  a cal ibrat ion factor  (Y)  of
2.25 cts /min-pCi /9 for  each technique.  The sc int i l la t ion cel ls  \ ,eere loaded wi th
ni t rogen to obta in an average cel l  background of  0.20 cts /min.  The lower detec-
t ion l imi t  was then determined to be O.12 t  O.O4 pCi /9 tadon-222 for  a 6O-minute
count ing in terval .  The radon concentrat ion is :

whe re :

A-A
11 - o
v -  

Y

A = count rate of sample
Ao  =  backg round  coun t  ra te  (0 .2  c t s /m in ) .

IV. GA}'MA SPECTRAL INSIRIJMENTATION

A Nuclear  Data Hul t ichannel  Analyzer  Model  ND-1O0, ut i l iz ing a 7.6-cm
(3  i n . )  d i ame te r  by  7 .5 -cn  (3  i n . )  t t r i c t  Na I (T9 )  sc in t i l l a t i on  c r ys ta l  i s
commonly used for determining a garma spectrun. This instruruent is calibrated
wi th NBS-traceable gamna sources.  Sanples f rom contaminated areas were analyzed
using th is  system, and the contaminat ion radionucl ides were ident i f ied.

Hlperpure Germanium detectors (ORTEC - 17% efficiency right-circular
cy l inders)  can be used when more sophist icated gamma-ray analyses are requi red.
These detectors are coupled to Nuclear  Data Mul t ichannel  Analyzers ( l lodels

ND-60 ,  ND-66  o r  ND- IOO) .
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COI{VERSION FACTORS

I. INSTRI.J}TENTATION

The factors used to convert  the inst runents readinga to rn i ts  of  d is integra-
t ions per  minute per  IOO cm2 (d is /n in- lOO cn2) and the der ivat ion of  those
fac to rs  a re  l i . s t ed  be low .

A.  Convers ion Factors

PAC-4G-3 PAC-4G-3 Floor
(51 cm2) ( tOO cn2) l ton i tor  (FM-4G)

Alpha Beta Alpha Beta Alpha Beta

To  100  cn2  t . g6  r . 96  r . oo  l . oo  o .3 r  o .3 r

dis/min per  c ts /min
go ,  9og r -9oy

2 - 2 - 2

d i s / n i n p e r c t s / m i n f o r  2  -  Z  -  2
239p,,

d i s / m i n  p e r  c t s , / m i n  f o r  3 . 5  2 . 7  2 . 7  2 . 4  3 . O  2 . 5
normal U

d i s / m i n  p e r  c t s / n i n  f o r  1  . 7  |  . 7  L . 7  1 . 8  |  . 7  I  . 8
2263" p lus daughters

B.  Der ivat ion of  Convers ion Factors

.  F loor  Moni tor

Window Area: - 325 cm2
Convers ion to IOO cD2 = O.3l  t ines Floor  Moni tor  readings

. PAC-4G-3

Window Area:  -  5 l  cm2
Convers ion to IOO cD2 = 1.96 t ines PAC reading

t{indow Area: - lO0 cn2
Convers ion factor  = l .O0 t imee PAC reading.

. 2n Internal Gas-Flow Counter. PC counter

Geometry:  Sol id  Steel  Spun Top -  0.50
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Geometry:  Mylar  Spun Top -  0.43
MyIar  spun top count ing {double-a luminized Mylar  window
( -  0 .85  mg /cm2) ]  u t i l i zes  t he  we I I  o f  t he  PC coun te r  and
is a method developed and used by the Argonne National
Laboratory Heal th Physics Sect ion for  negat ing the d ie lec-
t r ic  ef fect  in  co 'nt ing samples on nonconduct ing media.

The PAC-4G-3 and PC counter  were cal ibrated as descr ibed in Appendix l .
Using a f la t -p late,  in f in i te ly  th in 226i"  p lus shor t - I ived daughters standard as
a source of  a lpha emiss ions,  the p late rdas counted in a 2n Internal  Gas-Flow
Counter  (PC counter)  wi th the source leveled to an apparent  2n geometry.  The
alpha counts per  minute (c ts /n in)  reading nas found to be 1.86 x loa cts /min,  or
1 .86  x  l oa  +  o .5 l *  =  3 .65  x  l oa  d i s i n teg ra t i ons  pe r  m inu te  (d i s /m in )  a rpha .
Since the source ldas in f in i te ly- th in,  the a lpha component  was used as the tota l
a lpha d is /min of  the aource.

The same 226Ra plus daughters source, when counted with the PAC instrument
in the a lpha mode,  was found to be 2.18 x loa cts /min at  contact .  The convers ion
fac to r  f o r  c t s , /m in  t o  d i s /n in  f o r  t he  PAC ins t runen t  i s  3 .55  x  104  +  2 .78  x
lO4  =  I  . 7  d i s /m in  pe r  c t s , /m in  a lpha .

The same source was covered wi th two layers of  conduct ing paper,  each 6.31
mg/cmz,  to absorb the a lpha emiss ions.  Wi th the PC counter  in  the beta mode and
the paper in  good contact  wi th the chamber,  the count  was found to be 1.17 x loa
c t s /m in  o r  1 .17  x  l o4  +  o .5o  =  2 .35  x  l oa  d i s /n in  be ta .  h l i t h  t he  pAc -4G-3  i n
the beta mode and in contact  wi th the covered source in  the center  of  the probe,
the count  \ tas for tnd to be 1.36 x loa cts /min.  This indicates a convers ion
f a c t o r  o f  2 . 3 5  x  1 o 4  +  1 . 3 6  x  l o a  =  1 . 7  d i s / n i n  p e r  c t s / m i n  b e t a - g a m m a .  A I I
three detectors (51 cn2,  lOO cm2, and 325 cm2) gave readings s imi lar  to  those
reported above for  the a lpha and beta-gamma modes.

u t i l i z i n g  a  1 . 2 5  i n  x  ! . 2 5  i n  x  0 . o o 5  i n  ( 3 . 2  c m  x  3 . 2  c m  x  0 . o 1 3  c m )
normal  uranium fo i l  as a source of  uranium alpha emiss ions,  the fo i l  was counted
in a PC counter with the source leveled to an apparent 2n geometry. The same
normal  uraninm source,  covered wi th two layers of  conduct ing paper in  good
conLact  wi th the chamber,  each 6.31 urg/cm2 to negate the a lpha emiss ions,  was
counted for composite beta and gaflrma emissions in the PC counter. The source
was leveled to an apparent  z f t  geometry;  however,  no provis ion was made for
backsca t te r .

The normal urani 'm source qras also counted with the PAC instrurnents using
al l  three detector  areas in  the a lpha mode and covered wi th two layers of  con-
duct ing paPer in  the beta mode.  The convers ion factors were calculated as for
2 2 5 p " .

*The value of  O.51 inc ludes the fo l lowing factors:  geometry (g)  = O.5O; back-
sca t te r  f ac to r  (b f )  =  l .O21 ,  samp le  abso rp t i on  f ac to r  ( sa )  =  1 .0 ;  w indow a i r
f a c t o r  ( w a f )  =  1 . 0 .  T h e  p r o d u c t  o f  g  x  b f  x  s a  x  w a f  i s  O . 5 1 .
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II SMEAR COT'NT

The convers ion factors for  c ts /min- lOO cm2 to d is /n in- lOO cm2 for  smear

counts are g iven below:

A.  Convers ion Equat ion (Alpha)

cts/n in -  (Bkcd)  
= d is /n in o

g x b f x s a x w a f

A  geomet ry  f ac to r  (g )  o f  O .43  i s  s tanda rd  f o r  a l l  f l a t -p la te  coun t i ng
using the l{ylar spun top.

A backscat ter  factor  (bf )  of  1.0 was used when determin ing a lpha
ac t i v i t y  on  a  f i l t e r  med ia .

The sel f -absorpt ion factor  (sa)  was asaumed to be l ,  un less otherwise
determined.

I f  the energies of  the isotope were known, the appropr iate window ai r
factor  (waf)  was used;  i f  the energies of  the isotopes were not  known,
the  (wa f )  o f  23ePu  (o .7 r3 )  was  used .

The (waf)  for  a lpha f rom 226Ra plus daughters is  O.55.

B.  conrer@

c ts /n in  -  [B  Bkgd  ( c t s /n in )  +  c  c t s /m in ]  =  d i s /m in  Fg x b f x s a x w a f

A geometry (g)  of  O.43 is  s tandard for  a l l  f la t -p late count ing us ing

the Mylar  spun top.

A backscat ter  factor  (bf )  of  l .  I  was used when determin ing beta
ac t i v i t y  on  a  f i l t e r  med ia .

A sel f -absorpt ion factor  (sa)  waa assuned to be 1,  unless otherwise
determined.

If the energies of the isotopes were known, the appropriate window air
factor  (waf)  was used;  i f  the energies of  the isotopes were unknown,
the  (wa f )  o f  eos r - soy  (0 .85 )  was  used .

The (waf)  for  betas f rom 22aRa plus daughters is  O.85.
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Calculat ions for  determin ing radon concentrat ions in  a i r  samples col lected
wi th an Argonne Nat ional  Laboratory-designed a i r  sampler  us ing HV-7O or  LB52l l
f i l ter  media are sutunar ized in th is  appendix;  the basic  assumpt ions and calcu-
rat ions used to der ive the a i r  concentrat ions a lso are incruded.

I. RADON CONCENTRATIONS

The fo l lowing postu lates htere assuned in der iv ing the radon (222Rn) concen-
t ra t i ons  based  on  the  RaC '  a tpha  co ln t  r esu l t s .

A .  RaA ,  RaB ,  RaC,  and  RaC '  a re  i n  eeu i l i b r i nm.

B- RaA is  present  only  in  the f i rs t  count  and not  the loo-minute decay
count -

C.  One-hal f  o f  the radon progeny is  not  adhered to a i rborne par t icu lates
( i - e .  '  una t tached  f rac t i on )  and ,  t he re fo re ,  i s  no t  co l l ec ted  on  the
f i l t e r  m e d i a .

D.  The geometry factor  (g)  is  O.43 for  both the a lpha and beta act iv i ty .

E .  The  backsca r te r  f ac to r  (b f )  f o r  a l pha  ac t i v i t y  i s  1 .O .

F .  The  sa rp le  abso rp t i on  f ac to r  ( sa )  f o r  RaCr  i s  0 .77 .

G .  The  w indow a i r  f ac to r  (wa f )  f o r  RaC '  i s  O .g .

H.  RaB and RaC, being beta emit ters,  are not  counted in the a lpha mode.

I .  The hal f - l i fe  of  the radon progeny is  approximately  36 minutes,  based
on the combined RaB and RaC hal f - l ives.

J.  Thoron and long- l ived a lpha emit ters are accounted for  us ing the
36o-minute decay count  and the seven-day count ,  respect ive ly .

K.  For  a l l  pract ica l  purposes,  RaCr decays at  the rate of  the composi te
of  RaB and RaC, which is  about  36 minutes.

The fo l lowing postu lates rdere assuned in der iv ing the thoron (22oRn) con-
centrat ions.

L.  ThA, ThB, ThC and ThCr are in  equi l ibr ium.

M. ThA and RaCr have decayed by the 360-minute decay count.
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N .  The  geomet ry  f ac to r  (g ) ,  backsca t te r  f ac to r  (b f ) ,  samp le  abso rp t i on

fac to r  ( sa )  and  w indow a i r  f ac to r  (wa f )  a l l  a re  t he  same fo r  t ho ron

as  fo r  radon .

o.  ThB and 64X of  ThC, being beta emit ters '  are not  counted in the a lpha

mode .

p.  The hat f - I i fe  of  the thoron progeny is  1O.64 hours (638.4 minutes)

based  on  the  ThB  ha l f - I i f e .

a.  For  a l l  pract ica l  purPoses,  36L of  the ThC (a lpba branch)  and the

Thcr  decay at  the same rate as ThB, which is  638.4 minutes.

R.  The counter  does not  d i f ferent ia te between the ThC alphas and the

ThC '  a lphas .

The fo l lowing postu lates were assuned in der iv ing the act inon 12rspt ;

concen t ra t i ons .

S.  AcA,  AcB and AcC are in  egui l ibr iun.

T.  AcA has decayed by tbe loo-minute decay count .

u .  The  geomet ry  (g ) ,  backsca t te r  (b f ) ,  samp le  abso rp t i on  ( sa )  and  w indow

a i r  f ac to r  (wa f )  f ac to rs  a l l  a re  t he  same fo r  ac t i non  as  f o r  radon .

V.  AcB,  being a beta emit ter ,  is  not  counted in the a lpha mode.

W.  The  ha l f - l i f e  o f  t he  ac t i non  p rogeny  i s  35 .1  m inu tes  based  on  the  AcB

h a l f - l i f e .

X .  Fo r  a I I  p rac t i ca l  pu rposes ,  t he  AcC decays  a t  t he  same ra te  as  AcB ,

w h i c h  i s  3 5 . 1  m i n u t e s .

Y.  84[  of  the Acc decays by 6.62 l leV a emiss ions and 16% decays by

6 .28  l { eV  c t  em iss ions .

The fo l lowing postu late was assuned in der iv ing the long- l ived concentra-

t i o n .

Z.  The long- I ived act iv i ty ,  as determined f ron the seven-day count '  is

assuned to be constant  dur ing the ent i re count ing per iods.  This

assumpt ioo is  va l id  for  isotopes wi th hal f - l ives longer than a few

y e a r s .
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II. EQUATIONS USED TO DERI\IE AIR CONCENTRATIONS

A = A
o 

"-At
Where:  A = act iv i ty  (d is /n in)  present  at  the end of  theo

sampl ing per iod (usual ly  40 n inutes)

A  =  ac t i v i t y  (d i s /m in )  a t  some  t ime ,  t ,  a f t e r  end  o f
the sampl ing per iod

t  = t ime interval  (minutes)  f rom end of  sampl ing per iod
to count ing in terval  (usual ly  -  fOO minutes)

-  0 . 6 9 3
n = -

t ,
4

t r  =  ha l f - l i f e  o f  i so tope  (n in ) .
a

Concentrat ion is  determined by the equat ion:

A A
e= j -*  It  

r - " -A t "

W h e r e :  C = c o n c e n t r a t i o n ( d i s / n i n - m s )

A = act iv i ty  on f i l ter  media at  end of  sampl ingo 
per iod (d is / rn in)

f  = sampl ing rate (mslmin = mslh x L h/6O minutes)

t = length of sampling time (minutes)
s

I  _  0 . 6 9 3
t ,
n

t r -  = hal f - l i fe  of  isotope or  contro l l ing parent  (minutes) .
,

III. ACTINON CORRECTION

since the act inon (219Rn) progeny (AcA,  AcB & Acc)  decays at  the AcB
hal f - I i fe  of  th i r ty-s ix  minutes,  i t  cannot  be d is t inguished f rom the ra on
(222Rn) Progeny using standard a i r  sampl ing wi th I IV-7O or  LB5211 f i l ter  me ia
and standard a lpha-count ing techniques.  A posi t ive d isp lacement  pump is  used to
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co l lect  a sample on } l i l l ipore membrane (0.5 to O.8 pm) f i l ter  nedia.  The sample

rate is  approximatety 20 l i ters/minute for  a sampl ing t ime of  at  least  9O minutes.

The center  por t ion of  Lhe sauple is  reuoved and corrnted in  an a lpha sPectrometer

which exhib i ts  the 5.62 tTeY AcC alpha emiss ions and the 7.69 MeV RaC'  a lpha

emiss ions.  I f  these two peaks are observed in the spectrun,  then the fo l lowing

calculat ions are per formed:

n
B .  =  I  b . .

J  i =1  
l J

Where:  B.  = sumat ion of  the counts in  n channels under peak j
J

! . .= the nurnber of  counte in  cba.nel  i  o f  peak j
aJ

j  =  I  f o r  t he  6 .62  MeV peak  o f  ac t i non l  2  f o r  t he  7 .69  HeV peak  o f

radon

n = tota l  number of  cha. .e ls  in  the summat ion.

The f ract ions of  the act iv i ty  wi th a 35-n inute hal f - l i fe  due to act inon and

radon are then:

Act inon =
B r / O . 8 4

Radon =

Br/o. 84+Bz

"z
B/o .84+82

where I  refers to act inon ProSeny and 2 refers to radon ProSeny.

IV. EXAITPLE CALCTILATION

Data have been created to correepond to values l ike ly  to occur  i f  a l l
possib le t )T)es of  contaminat ion are preaent  in  the a i r  o f  a room where a sample

is  col lected.  The appl icat ion of  the equat ions for  determin ing a l l  ty1rea of

act iv iLy and thei r  concentrat ions are g iven below.

Data f  = 4o m375o min
a t  t = l o 0 n i n
a t  t = 3 5 0 r n i n
a t  t = 7 d a y s

t =
A s =
A =
A =

40 min
2000 d is /n in
l4O dis /n in
5 d is /min



1 9 9 . 6  x  
0 ' 6 9 3

c (Tn)  =  
#  -#  =7 '6  d is , /m in -m3 '

r  -  exP  
638 .4

For radon (222Rn) and act inon (219Ro),  act iv i ty  due to thoron at  t  = 100 n in:
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For  long- l ived act iv i ty :

A _ = A = 5 d i s , / m i n
o

c(L)  = Aol fx t "  =  
* l#  

= o '19 d is , /min-n ' '

For thoron:

A = 140-5 =  199 .6  d i s /n ino  - 0 . 6 9 3 x 3 6 O
e x P  

6 3 8 . 4

A  -  135  =  179  d i s /m in .
0 .693  x  260exP  -  

63g .4

Act iv i ty  due to the isotopes wi th a 36 minute hal f - I i fe :

A  =  2O0O -  779  -  g  =  l 8 t5  d i s /m in

^  1 8 1 6
A o = m = L 2 , 4 5 4 d i s l m i n

exp _ 
36

12r4S4 - #C ( 3 5 )  =  -  x = 669.7 d is /min-m3.
40 /60  o .693x4o

r - e x P  
3 6

ll lren an actinon peak is aeen at 6.62 tleY, the counts under the two peaks
are srlmted. For exauple, if 1O channels are sumned, the following counts are
found:
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Fo r  6 .62  MeV peak :  44  i n  l 0  cbanne l s ,  whe re  the  6 .62  a lpha

emiss ions are 84% of  the tota l '

Fo r  7 .69  MeV peak :  6o l  coun ts  i n  l o  channe l s ,  wbe re  the  7 .69  MeV

alpha emiss ions are lOOl of  the tota l  '

B - = 4 4
I

B - l 0 . 8 4  =  5 2  c o u n t s
I

B^ = 60l  counts
z

A c t i n o n = 5 2 / 5 5 3 = 0 . 0 8

R a d o n - 6 0 l / 6 5 3 = O . 9 2

c (Rn)  =  c (35 )  x  Radon% =  669 .7  x  O .92  =  515 .1  d i s /m in -m3

C =  C(36 )  x  Ac t i non1  =  669 .7  x  0 .O8  =  53 .5  d i s /m in -ms '

Since we assune that  on the average hal f  o f  the proteny is  not  adhered to the

ai rborne par t icu lates,  the above concentrat ions are then doubled to determine

actual  concentrat ions.  We assuoe tbat  there is  no unat tached f ract ion for  the

long - l i ved  ac t i v i Ly .

C actual  = C meagured x progeny correct ion factor

C(L )  =  O '  19  d i s /m in -og

C(Tn )  =  7 .6  d i s / rn in -os  x  2  =  15 .2  d i s /n in -ng

C(An)  =  53 .6  d i s /n in -m3  x  2  =  107 .2  d i s /n in -ng

C(Rn) = 616 d is /n in-ns x 2 = 1232 d is /min-ns '

These would then be the reeul t ing concentrat ions in  d is /min-m3.  To convert  to

pCi /2,  d iv ide the concentrat ions by 2-2 x lO3:

c(L)  =  0 .19  d is /n in -n3  =  g .6  x  lo -s  9c i /9
2,22O dis/nin-ns IpCi l  2,
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c (Tn )=  15 '2  d i s /m in -ms  =  o .o068  pC i /L
2,22O dis /min-ms /  pCi /  g ,

C (An)= -  1O7 .2  d i s , /m in -m3 = O.048 pc i /9
2,22O dis , /min-ms /pCt /  L

1232 d is /min-mg

2,22O dis /min-m3 /  pCi /  L

C (Rn)= =  0 . 5 5  p C r . / 9 .
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SAIIPLE PREPARATION AI{D ANATYSIS GENERIC PROTOCOL

I. SOIL.SA},IPLE PREPARATION

So i l  samp les  a re  acqu i red  as  p rev ious l y  desc r i bed .  Tbese  samp les  a re

bagged and idents i f ied at  the col lect ion s i te  and returned to ANL.  I f  there is

an indicat ion of  radioact ive contaminat ion,  the sample is  sealed in  a Nalgene

jar .  At  ANL,  the soi l  sarrp les are logged into the soi l -sample book,  and eacb

sample is  weighed (on a tared balance scale)  and the weight  is  marked on Lhe

con ta ine r .  Th i s  we igh t  i s  reco rded  i n  t he  so i l  book  as  a  "ne t  we igh t . | '

A f t e r  a l l  samp les  a re  marked ,  we ighed ,  and  reco rded ,  t hey  a re  d r i ed .  Each

sample is  p laced in a pyrex beaker marked wi th the sample ident i f icat ion nurnber.

I f  more  than  one  beake r  i s  necessa ry ,  add i t i ona l  numbers  (e .g . ,  1 -3 ,  2 -3 ,  3 -3 )

are used.  The or ig inal  conta iners are saved for  repackaging the dr ied samples-

The beaker is  set  in  an 8OoC oven ur t i l  the soi l  is  dry (approximat ley 48 hours) .

The sample is  returned to the or ig inal  conta iner  and reweighed using a tared

ba lance  sca le .  Th i s  we igh t  i s  a l so  marked  oo  the  con ta ine r  and  i n  t he  so i l -

samp le  book ,  whe re  i t  i s  r e fe r red  to  as  a  "d ry  we igh t " '

Af ter  a l l  the saorples are returned to thei r  or ig inal  conta iners,  the

m i l l i ng  p rocess  i s  s ta r ted .  Each  d r i ed  samp le  i s  t r ans fe r red  to  a  2 .3 -ga l l on

ce ram ic  m i l l  j a r  coa ta in ing  m i l l  ba l l s  ( l t "  x  l l "  bu rundun  cy l i nde rs )  -  The  m i l l

jar  number is  marked on the or ig inal  conta iner .  The jars are sealed and tbe

samples are mi l led for  t r ro hours or  unt i l  suf f ic ient  mater ia l  is  produced to

ob ta in  100  g  and  5  g  samP les  fo r  ana l yses .  The  samp les  a re  m i l l ed  s i x  a t  a

L ime .  A  second  se t  o f  s i x  j a r s  i s  p repa red  wh i l e  t he  m i l l i ng  o f  t he  f i r s t  se t

i s  p roceed ing .  A f te r  each  samp le  i s  m i l l ed ,  t he  m i l l  ba l l s  a re  removed  w i th

tongs  and  p laced  i n  a  t r ay .  A  l a rge  p las t i c  bag  i s  i nve r ted  ove r  t he  n i l l  j a r .

Botb are inver ted and shakep r rn l i l .  a l l  the soi l  is  t ransferred to the bag.  I f

t he  so i l  p l a tes  t he  i ns ide  o f  t he  n i l l  j a r ,  a  sma l l  pa inL  b rush  i s  used  to

loosen  the  so i l  be fo re  t he  j a r  i s  i nve r ted .  A  sepa ra te  b rush  i s  used  fo r  each

ja r  Lo  p reven t  c ross -con tam ina t i on  o f  t he  so i l  samp les '

Af ter  mi l l ing,  each sample is  s ieved through a number 3O standard test ing

s ieve  (600  p  mesh )  and  t rans fe r red  to  a  12 "  x  l 2 r r  z i p l ock  bag .  Rocks  and  d ross

are bagged separate ly .  The bags are marked wi th the sauple number,  the s ieve

number and R(rocks)  or  S(soi l ) .  The balance is  tared aod the weights of  the

soi l  (or  rocks)  are measured and recorded in the soi l -sarrp le book.  A 1O0-g

sample of  the s ieved mater ia l  is  t ransferred to a 4-oz.  Nalgene bot t le .  These

samples are analyzed by sui table analyt ica l  techniques,  inc ludingr  as a min imumt

Sarnma spectroacoPy (GeLi) .  A 5-g sauple of  the s ieved mater ia l  is  t ransferred

to a l -oz Nalgene bot t le .  One gram of  th is  saople is  used for  the determinat ion

of  uranium by laser  f luorometry l  lO0 grams are needed for  radiochemical  analys is

for  pu,  Am and Th i f  these analyses are requi red.  The bot t les conta in ing these

weighed samples are marked wi th sarp le nunber and dater  and th is  in format ion is

recorded in the soi l -sarp le book.  The rocks (and dross)  and renain ins soi l  are

p laced  i n  s to rage .
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The  s ieves ,  m i l l  j a r s ,  and  bu rundun  m i l l i ng  ba l l s  used  i n  t h i s  wo rk  a re
c lass i f ied in  two sets.  One set  is  used for  background samples exclus ively .
The other  set  is  used for  a l l  samples f rom suspect  areaa.  Soi l  samples wi th
elevated levels of  radioact iv i ty  based on inst rument  measurements are mi l led in
one-gal lon Nalgene bot t les us ing burund 'm bal ls  f rom the set  used for  suspect
samples.  Af ter  use,  these bal ls  are e i ther  decontaminated (see below) or
d isposed of  as radioact ive rdaste.  The Nalgene bot t les are a lways d isposed of  as
radioact ive waste.  The s ieves used for  these samples are a lso f rom the set  used
for  suspect  samples and are decontaminated af ter  use.

II. EQUIPITENT DECONTAI1INATION

The care of  the mi l l ing apparatus is  as important  as the actual  sample
preparat ion.  Proper care prevents cross-contaminat ion of  successive samples.
The beakers used to dry the sarrp lee are washed thoroughly by p lac ing a smal l
aEount  of  Haemo-Sol  in  each beaker and f i l l ing wi th warm water .  The beaker is
then scrubbed thoroughly on the ins ide and scoured on the outs ide wi th scour ing
powder. The beakers are rinsed three times with tap hrater and three times with
demineral ized water ,  and f inarry dr ied thoroughly before reuse.

The  m i l l i ng  aPpara tus  ( t ongs ,  b rushes ,  m i l l i ng  j a r s ,  l i ds ,  and  rn i l l i ng
bal ls)  are r insed.  The tongs and brushes are washed thoroughly wi th Haemo-Sol .
Eight  burundum bal ls  are returned to each n i l l ing jar  a long wi th about  one p int
of  c lean road gravel ,  one spoon of  Haemo-So1,  one spoon of  scour ing powder wi th
bleach,  and one quart  of  water .  The l id  is  t ightened on the jar  and the jar  is
p laced on the ro l l ing mi l l  and ro l led for  approximately  two hours or  unt i l  the
bal ls  and the ins ide of  the jar  appear to be physical ly  c lean.  Af ter  th is  t ime,
the mi l l  jar  is  renoved f rom the ro l l ing mi l l  and i ts  contents are dunped into a
screen or  basket .  The l id  and bal ls  are then r insed thoroughly three t imes wi th
tap water  fo l lowed by three t imes wi th demineral ized water .  The ins ide of  the
iar  is  r insed unt i l  i t  is  absolute ly  c lean.  The mi l l ing apparatus i .s  a i r -dr ied
wi th ldarm ai r .  Room ai r  is  drawn through the mi l l  jars wi th a hose which is
at tached to a fume hood or  specia l ly  constructed dry ing box.

The s ieves are r insed,  washed i .n  Haemo-Sol ,  thoroughly r insed ( three t imes
wi th tap ldater ,  fo l lowed by three t imes wi th demineral ized water)  and Lhen a i r
dr ied as above before reuse.

III. WATER AND SLIJDGE

Wate r  samp les  a re  co l l ec ted  i n  O . l - I i t e r ,  O .s - l i t e r  and /o r  l - l i t e r  quan t i -
t ies as deemed appropr iate.  These samples are forwarded d i rect ly  to  a cer t i f ied
radiochemist ry  laboratory for  preparat ion and analys is .  The customary analys is
procedure consists  of  f i l t ra t ion to obta i .n the suspended sol ids fo l lowed by
evaporat ion to obta in the d iesolved sol ids.  Both suspended and d issolved sol ids
are analyzed by appropr iate radiochemicar  anaryt icar  techniques.

Sludge samplee are col lected in  0. l - I i ter  bot t les and are processed as
out l ined above for  water  sauples.
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TRASH AI.ID RTJBBLE

po ten t i a l l y  con tam ina ted  vege ta t i on ,  t r ash  (e ' g '  p i p i ng '  duc t s '

and rubble are col lected,  bagged,  and labeled at  the s i te  and

fo r  ana l ys i s .

Samples of

condu i t ,  e t c .  )
returned to ANL

Vegetat ion samples are in i t ia l l f  weighed and t ransferred to Mar ineLl i

beakers for  garrma spectrometr ic  analys is .  Then they are ashed,  reweighed'  and

analyzed by appropr iate analyt ica l  tecbniques '

Trash and rubble samples are forwarded co a cer t i f ied radiochemist ry

Iabo ra to ry  f o r  ana lYe i s .

V. TRITIT]M FROM SOLID }IATERIAI,S

Samp les  o f  so l i d  ma te r i a l s  (e .g . ,  conc re te )  suspec ted  o f  con ta in ing  t r i t i um

are  co l l ec ted ,  b roken  i n to  soa l l  p i eces ,  and  submi t t ed  t o  a  ce rL i f i ed  rad io -

chemis t r y  l abo ra to ry  f o r  ana l ys i s .  The  s tanda rd  ana l y t i ca l  p rocedu re  cons i s t s

of  t ransferr ing a 2O-4O g sauple to a ceramic boat  fo l lowed by heat ing in  a tube

furnace at  425oC for  a per iod of  two bours ( -  40 min to reach temperature and

- g0 min heat ing at  teuperature) .  Hel i r .un is  used as a f low gas through the tube

dur ing heat ing,  and the t r i t iun is  co l lected in  t r to  t raPs on the downstream s ide

o f  t he  f u rance .  The  f i r s t  t r ap  i s  imersed  i n  an  o rd ina ry  i ce  ba th  (OoC) ;  t he

second t rap is  i r r rnersed in a co2-Freon bath ( -57oC).  The col lected t r i t iaLed

water  f rom both t raPs is  combined,  made up to a known volume, and an a l iquot

taken for  l iqu id sc int i l la t ion count ing of  the t r i t ium.

VI. ANALYSIS PROCEDTJRES

A 100-9 or  less f ract ion f rom each soi l  sample is  analyzed by h igh resolu-

t ion garnma-ray sPectroscoPy using a germanium crysta l  detector  coupled to the

app rop r i a te  e lec t ron i cs  and  a  mu l t i channe l  ana l yze r .  Th i s  ana l ys i s  a l l ows  fo r  a

quant i ta t ive determinat ion of  the 226i"  decay chain (v ia the 509 keV y-ray of

f r l g i ;  and  the  23216  decay  cha in  ( v i a  t he  9 l l  keV  1 - ray  o f  2286 . ; ,  as  we l l  as

any  o the r  gaDma emi t t i ng  rad ionuc l i de ,  ( e .g . ,  t 37C" )  P resen t  i n  t he  so i l '

Tbe tota l  uraniu.m (e lemental )  present  in  the soi l  is  determined by an ac id

Ieach of  the soi l  sarp le fo l lowed by laser  f luorometry of  the leached sapple '

Thor i ' rn  analys is  consists  of  aD acid leach of  the soi l  or  other  sample

(using 
"  

23a16 spike for  y ie ld determinat ion)  fo l lowed by p lat ing a th in source

of  the radiochemical ly  separated thor iun and determin iog the thor ium isotopes

(228Th and 232Th) by arpha sPectroscoPy.

p lutonigm aod/ot  amer ic iun analys is  consists  of  an ac id leach of  the soi l

or  other  sample (us ing an approPr iate spike for  y ie ld determinat ion)  fo l lowed by

plaEing a th in source of  the radiochemical ly  eeparated p lutonium or  amer ic iuro

and determin ing the act iv i ty  of  the isotopes 1238prrr  23.9tz4oPu or  zcr6t ;  by

alpha spectrometry.
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The resul ts  of  the above Deasureocots a l los for  quant i ta t ive detero inat ioa
o f  t h e  r e l a t i v e  a o o u n t s  o f  n o m a l  u r a n i u o ,  n a t u r a l  u r a n i u n ,  t a i l i n g s  ( i . e . ,
226p"  decay  cha in ) ,  t ho r i u .o  1zsz16 ; ,  meso tho r i uo  122sp"  decay  cha in ) ,  r ad io -
tho r i uo  (22 tTh  decay  cha in ) ,  p l u too i , , n  123 tp , r ,  239 r2 {op , r ;  and  aoe r i c i un  (2 . rAn )
p resen t  i n  t he  con taE ina ted  Da te r i a l .

A  mass  sPec t rome t r i c  ana l ys i s  o f  t he  u ran iuo  f rac t i on  i s  conduc ted  when  i t
i s  known  o r  i s  i s  su rm ised  tha t  dep le ted  o r  en r i ched  u ran ium m igh t  be  p resen t .
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CALCUI.ATION OF NOR}IAL.TJRANIT'}I SPECIFIC ACTIVITY

The spec i f i c  ac t i v i t y  fo r  noroa l  u ran iu rn  r tas  obLa ined by  sunming the

measured spec i f i c  ac t i v i t ies  fo r  the  ind iv idua l  i so topes  we igh ted  accord ing  to

t h e i r  n o r m a l  a b u n d a n c e s .  B e s t  w a l u e s  f o r  t h e s e  s p e c i f i c  a c t i v i t i e "  o g  2 3 5 g  
" t t 6

2 3 8 9  w e r e  t a k e n  f r o m  A .  H .  J a f f e y  e t  a I . ,  P b y s .  R e v .  C  4  f 8 8 9  ( 1 9 7 f ) .  T h e

h a l f - I i f e  f o r  e a c h  i s o t o p e  w a s  t a k e n  f r o m  D a v i d  C .  K o c h e r ,  " R a d i o a c t i v e  D e c a y

Data  Tab les  -  A  Handbook o f  Decay  Data  fo r  App l ica t ion  to  Rad ia t ion  Dos imeLry

a n d  R a d i o l o g i c a l  A s s e s s m e n t s "  ( 1 9 8 1 ) .  T h e  P e r c e n t  a b u n d a n c e s  h t e r e  t a k e n  f r o m

N.  E.  Ho lden,  BNL-NCS-5O605 (1977) .  A tomic  we igh ts  were  taken f rom the

" H a n d b o o k  o f  C h e m i s t r y  a n d  P h y s i c s r ' r  5 2 n d  E d i t i o n  ( f 9 7 1 ) .  T h e  s p e c i f i c  a c t i v i t y

6 g  2 3 a g  w a s  c a l c u l a t e d  f r o m  t h e  h a l f - I i f e .

I so tope

23ag
2 3 s g
2 3 8 g

S p e c i f i c

Ac t iv i t y

1 . 3 8 7 x 1 0 4  d i s / n i n - p g
4 .798  d i s /m in -P tg
O . 7 4 6  d i s / m i n - P g

Atomic
Hal f - I i fe  Abundance Weight  Abundance

(vea rs )  (a tom %)  (g rams)  (w t  %)

2 . 4 4 5  x  1 0 s  0 . 0 0 5 4  2 3 4 . 0 4 0 9  0 . 0 0 5 3

7 . 0 3 8  x  1 0 8  0 . 7 2 0  2 3 5 . 0 4 3 9  0 . 7 1 1 0

4 .4683x  lOe  99 .2746  238 .0508  99 .2837
roo .oo00  100 .oooo

where  (w t  %) i  =

( a t o m  % ) . ( a t o m i c  w e i g h t ) . ( a t o m  ? , ) .  ( a t o m i c  w e i g h t ) .

I ( a tom %)  . ( a t o m i c  w e i g h t ) .

Spec i f i c  ac t i v i t y  f o r  no rma l  u ran ium:

o . 7 4 6  x  O . 9 9 2 8 4  x  2  =  r . 4 8 f  d i s / m i n - p g
4 . 7 9 8  x  o . O O T l l =  O . O 3 4  d i s / m i n - | . t g

1515  d i s /n in -p rg

o r  ( 1 . 5 1 5  d i s / n i n - p i l /  Q . 2 2  d i s / m i n - p C i )  =

where 23ag i "  assu.med to be in  secular  equi l ibr iun

Note that  2.25}  of  the tota l  act iv i ty  is  due to
2sag  .116  2389 .

2 3 8 .  0 2 8 9

f rom 234  &  zsag

gro, 2351';

for  normal  U

0 .683  pc i / t t g

wi th the 238U parent .

23sg 
"o6 

48.87% each is  due to
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PERTINENT RADIOLOGICAI REGULATIONS
STAIiIDARDS, AND GUIDELINES

Excerpts From

DRAFT A}'ERICAN NATIONAL STANDARI)

N 1 3 .  1 2

Contro l  of  Radioact ive Surface Contaminat ion

on  Ma te r i a l s ,  Equ ipmen t ,  and  Fac i l i t i es  t o  be

Released for  Uncontro l led Use

Where potent ia l ly  contaminated sur faces are not  accessib le for  measurement
(as in  some pipes,  dra ins,  and ductwork)  ,  such property  shal l  not  be re leased
pursuant  to th is  s tandard,  but  shal l  be made the subject  of  case-by-case evalua-
t i o n .

Property  shal l  not  be re leased for  uncontro l led use unless measurements
show the tota l  and removable contaminat ion levels to be no greater  than the
values in  Table 1 or  Table 2.  (The values in  Table 2 are easier  to  apply when
the contaminants cannot  be indiv idual ly  ident i f ied.)

Coat ings used to cover  the contaminat ion shal l  not  be considered a solut ion
Lo the contaminat ion problem. That  is ,  the moni tor ing techniques shaI l  be
suf f ic ient  to  determine,  and such determinat ion shal l  be made,  that  the tota l
amount of contamination present on and under any coating does not exceed the
Tab le  1  o r  Tab le  2  va lues  be fo re  re lease .
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APPENDIX 6
( C o n t '  d .  )

SI]MACE CONTAI{INATION LI}'ITS

The levels may be averaged over one square Deter provided the maximr.un activity

in  any area of  1OO cm2 is  less than three t imes the l imi t  va lue.  For  purPoses

of  averaging wi th regard to iso lated spots of  act iv i ty ,  aDy square meter  of
sur face shal t  be considered to be contaminated above the l imi t  L ,  appl icable Lo
IOO cr2,  i f  ( l )  f rom measurements of  a representat ive number n of  sect ions i t
i s  de te rm ined  tba t  l / n  2  S .  ]  L ,  whe re  S .  i s  t he  d i s /m in - lOo  cm2  de te rm ined
from measurement  of  sect i8n i ;  o .  (2)  i t  isadetermined that  the act iv i ty  of  a l l
i so la ted  spo ts  o r  pa r t i c l es  i n  any  a rea  l ess  t han  lOO cm2  exceeds  3  L .

+
Dis integrat ions per  minute per  square decimeter .

NOTES:

( f )  Values presented here are obta ined f rom the Code of  Federal  Regulat ions,
T i t 1 e  l O ,  P a r t  2 O ,  A p r i l  3 O , 1 9 7 5 .  T h e  m o s t  I i m i t i n g  o f  a l l  g i v e n  M P C
va lues  ( f o r  examp le ,  so lub le  ve rsus  i nso lub le )  a re  t o  be  used .  I n  t he
event  of  the occurrence of  mixtures of  radionucl ides,  the f ract ion contr i -
buted by each const i tuent  of  i ts  own l imi t  shal l  be determined and the sun
o f  t he  f r ac t i on  sha l l  be  l ess  t han  1 .

(2)  Maximum permiss ib le concentrat ion in  a i r  appl icable to cont inuous exposure
of  members of  the publ ic  as publ ished by or  der ived f rom an author i ta t ive
source such as the Nat ional  Conmit tee on Radiat ion Protect ion and Measure-
ments (NCRP),  the Internat ional  Commission on Radio logical  Protect ion
( ICRP) r  or  the Nuclear  Regulatory Commission (NRC).  From the Code of
Fede ra l  Regu la t i ons ,  T i t l e  10 ,  Pa r t  2O ,  Append i x  B ,  Tab le  2 ,  Co lumn  1 .

(3)  The inst r  rment  ut i l ized for  th is  measurement  shal l  be cal ibrated to measure
at  least  1OO pCi  of  any Group 1 contaminants uni formly spread over  1OO cm2.

(4)  Maximum permiss ib le concentrat ion in  water  appt icable to members of  the
pub l i c .

(5)  The inst rument  ut i l ized for  th is  measurenent  shal l  be cal ibrated to measure
at  least  1 nCi  of  any Group 2 beta or  garrma contaminants uni formly spread
over an area equivalent  to  the sensi t ive area of  the detector .  Di rect
survey for  uncondi t ional  re lease should be per formed in areas where the
background is 5 IOO counts per minute. hlhen the survey must be performed
in a background exceeding lOO counts per  minute,  i t  may be necessary to use
the indi rect  survey method to prov ide the addi t ional  sensi t iv i ty  requi red.
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TABLE 2

ALTERNATE SI]RFACE CONTA}'IINATION LII'IITS

(Al I  A lpha Emit ters '  excePt Uo"t  
"od 

Tbo"t ,  Considered as a Group)*

L in i t  (Act iv i tY)

i it"i ' i"- too .it l*
To ta I
(F ixed PIus
RemovableContaminat ion Cont i Removable

1000

Nondetec tab le
(Note  2)

2OOO ct
NondetecLable

F 'Y
(No te  3 )

5000

I f

200I f

the contaminant  cannot  be ident i f ied;

or  i f  a lpha emit ters other  th"o Uo"t_
(No te  1 )  and  Tb  -  a re  P resen t ;  o r  i t

i t .  u"a"  emi t te93c.otpt i " "  227g" ot
22ap.^.

i t  is  known that  a l l  a lPha emit ters

are generated f rom U-^-  (Note 1)  and

Th :  and i f  beta .s i t t " r "  
" t .n a t '

prESEnt that ,  whi le  not  ident i f ied '

do  no t  i nc lude  2276 . ,  1251 ,  ' 2 "R" ,

and  228Ra .

i t  is  known that  a lPha emit ters are
generated only f rom U-^*  (Note l )

and Th in equil ibrif i i  with its

decay $?8a,r" t " ;  ana i f  the beta

emi t t e r s ,  wh i l e  no t  i den t i f i ed '  do

n o t  i n c l u 6 . 2 2 ? 6 " ,  1 2 5 1 ,  1 2 9 1 ,  
" o S t ,

223p . ^ ,  228Ra ,  1261 ,  1311  ro6  1331 .

I f



5 7

APPENDIX 6
( C o n t ' d .  )

ALTERNATE STJRFACE CONTA}'INATION LI}IITS

The levels may be averaged over  one square Deter  prov ided the maximum act iv i ty
in  any area of  l0O cnz is  less than three t imes the l imi t  va lue.  For  puqposes
of  averaging wi th regard to iso lated spots of  act iv i ty ,  any square meter  of
sur face shal l  be considered to be contaminated above the l imi t  L ,  appl icable to
l0o cm2, i f  (1)  f rom measurements of  a representat ive nurnber n of  sect ions i t
is  deLermined that  L/n 2_ S-  ]  L ,  where S.  is  the d is , /min- loo cm2 determined
from measurement  of  sect iSo i ;  or  (2)  i t  i r idetermined that  the act iv i ty  of  a l l
i so ra ted  spo ts  o r  pa r t i c res  i n  any  a rea  l ess  t han  100  cm2  exceeds  3  L .

+
Dis integrat ions per  minute per  square decimeter .

NOTES:

( l )  U^^ *  and  decay  p roduc ts .
n a E

(2)  The inst r r rment  ut i l ized for  th is  measurement
at  least  lOO pCi  of  any Group I  contaminants

sha l l  be  ca l i b ra ted  to  measu re
uni formly spread over  10O cm2.

(3)  The inst rument  ut i l ized for  th is  measurement  shal l  be cal ibrated to measure
at  least  I  nCi  of  any Group 2 beta or  ganrma contaminants uni formly spread
over an area equivalent  to  the sensi t ive area of  the detector .  Di rect
survey of  uncondi t ional  re lease should be per formed in areas where the
background is  S IOO counts per  minute.  When the survey must  be per formed
in a background exceeding lO0 counts per  minute,  i t  may be necessary to use
the indi rect  survey method to prov ide the addi t ional  sensi t iv i ty  requi red.
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U. S. NUCLEAR REGT'LATORY COI,IMISSION
DIVISION OF FUEL CYCLE AND MATERIAI SAFETY

WASHINGTON, D.C.
Ju Iy  1982

GUIDELINES FOR DECONTAHINATION OF FACILITIES

Ar{D EQUIPMENT PRIOR TO REI.EASE FOR IJNRESTRICTED

USE OR TER.}'INATION OF LICENSES FOR BY.PRODUCT
souRcE, oR sPEcrAL NUCLEAR MATERTAL

(These have been retlrPed for
purposes of  th is  repor t )

The  i ns t ruc t i ons  i n  t h i s  gu ide ,  i n  con junc t i on  w i th  Tab le  1 ,  spec i f y  t he  rad io -

act iv i ty  and radiat ion exposure rate l imi ts  which should be used in accompl ish-

ing the decontaminat ion and survey of  sur facea or  premises and equipment  pr ior

to abandonment or  re lease for  unrestr ic ted use.  The l imi ts  in  Table I  do not

apply to premises,  equipment ,  or  scrap conta in ing induced radioact iv i ty  for

wh i ch  the  rad io log i ca l  cons ide ra t i ons  pe r t i nen t  t o  t he i r  use  may  be  d i f f e ren t .

The  re lease  o f  such  fac i l i t i es  o r  i t ems  f rom regu la to ry  con t ro l  w i l l  be

cons ide red  on  a  case -by -case  bas i s .

1 .  The  l i censee  sha l l  make  a  reasonab le  e f f o r t  t o  e l im ina te  res idua l  con tam i -

n a t i o n .

2 .  Rad ioac t i v i t y  on  equ ipmen t  o r  su r faces  sha l l  no t  be  cove red  by  pa in t ,  p l a t -

ing,  or  other  cover ing mater ia l  r rn less contaminat ion levels,  as determined

by a survey and docunented,  are below the l imi ts  speci f ied in  Table I  pr ior

to apply ing the cover ing.  A reasonable ef for t  Dust  be made to min imize the

contaminat ion pr ior  to  use of  any cover inE.

3 .  The  rad ioac t i v i t y  on  the  i n te r i o r  su r faces  o f  p i pes ,  d ra in  l i nes ,  o r  duc t

work shal l  be determined by making measurements at  a l l  t raps,  and other

appropr iate acceas points,  prov ided that  contaminat ion at  these locat ions

is  l ike ly  to be representat ive of  conLaminat ion on the inLer ior  of  the

p ipes ,  d ra in  I i nes r  oE  duc t  so rk .  Su r faces  o f  p rem ises ,  equ iPmen t r  o r

scrap which are l ike ly  to be contaminated but  are of  such s izer  construc-

t ion,  or  locat ion as to make the sur face inaccessib le for  Purposes of

measureutent  shal l  be presumed to be contaninated in  excess of  the l imi ts .

4.  Upon request ,  the Conmission may author ize a l icensee to re l inquish Posses-
s ion or  contro l  o f  premises,  equipnent ,  or  acraP having sur faces contamina-

ted  w i th  ma te r i a l s  i n  excesa  o f  t he  I im i t s  spec i f i ed .  Th i s  may  i nc lude '

but  would not  be l in i ted to,  specia l  c i rcuostances such as raz ing of  bui ld-

ings,  t ransfer  of  premises to another  organizat ion cont inuing work wi th

rad ioac t i ve  ma te r i a l s ,  o r  conve rs ion  o f  f ac i l i t i es  t o  a  l ong - te rm s to rage

or s tandby status.  Such request  Eust :
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a.  Provide deta i led,  speci f ic  in format ion descr ib ing the premises,  equip-
ment  or  scrap,  radioact ive contaminants,  and the nature,  extent ,  and
degree of  res idual  sur face contaminat ion.

b.  Provide a deta i led heal th and safety analys is  which ref lects that  the
residual  amounts of  mater ia ls  on sur face areas,  together  wi th other
considerat ions such as prospect ive use of  the premises,  equipment  or
scrap,  are unl ike ly  to resul t  io  an unreasonable r isk to the heal th
and safety of  the publ ic .

5 .  P r i o r  t o  re lease  o f  p rem ises  fo r  un res t r i c ted  use ,  t he  l i censee  sha l l  make
a comprehensive radiat ion survey which establ ishes that  contaminat ion is
wi th in the l in i ts  speci f ied in  Table 1.  A copy of  the survey repor t  shal l
be f i led wi th the Div is ion of  FueI  Cycte and Mater ia l  Safety,  USNRC,
Wash ing ton ,  D .C .  20555 ,  and  a l so  t he  D i rec to r  o f  t he  Reg iona l  O f f i ce  o f
the Of f ice of  Inspect ion and Enforcement ,  USNRC, having jur isd ic t ion.  The
report  should be f i led at  }east  3O days pr ior  to  the p lanned date of  aban-
donment.  The survey repor t  shal l :

a .  f den t i f y  t he  p rem ises .

b.  Show that  reasonable ef for t  has been made to e l iminate res idual  con-
taminat ion.

Descr ibe the scope of  the survey and general  procedures fo l lowed.

State the f ind ings of  the survey in  uni ts  speci f ied in  the inst ruc-
t i on .

Fol lowing rev iew of  the repor t ,  the NRC wi I I  consider  v is i t ing the fac i l i t ies to
conf i rm the survey.

c .

d .
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TABLE 3

ACCEPTABLE ST]RFACE CONTAHINATION LEVELS

tWh.r .  
sur face contaminat ion by both

ex i s t s ,  t he  l im i t s  es tab l i shed  fo r
should appty independent ly .

a lpha and beta-gamma emit t ing nucl ides
alpha and beta-gamma emit t ing nucl ides

b
As used in th is  table,  d is /min (d is integrat ions per  minute)  means the rate of
emiss ion by radioact ive mater ia l  as determined by correct ing the counts per
minute observed by an appropr iate detector  for  background,  ef f ic iency,  and
geometr ic  factors associated wi th the inst runentat ion.

cMeasurements

squa re  me te r .
f o r  each  such

of average contaminant should not be averaged over more than 1
For objects of  less sur face area,  t .he average shourd be der ived

ob j  ec t .

dTh" 
maximum contaminat ion level  appl ies to an area of  not  more than 1OO cm2.

tTh" 
. to , ln t  of  removable radioact ive mater ia l  per  lo0 cm2 of  sur face area should

be determined by wip ing that  area wi th dry f i l ter  or  sof t  absorbent  paper,
apply ing moderate Pressure,  aad assessing the amount  of  radioact ive mater ia l  on
the wipe with an appropriate instrunent of known efficiency. Wben removable
contaminat ion on objects of  less sur face area is  determined,  the per t inent
levels should be reduced proport ional ly  and the ent i re sur face should be wiped.

f-The 
average and maximurn radiat ioo revels associated

resul t ing f rom beta-garrna emit ters should not  exceed
mrad/h at  1 cm, respect ive ly ,  measured through not
square cent imeter  of  to ta l  absorber .

wi th sur face contaminat ion
O . 2  m r a d / h  a t  I  c m  a n d  1 . O

more than 7 mi l l igrams per
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ST'RGEON GEI{ERAL' S GUIDELINES

as included in 10 CFR Part- 712

Grand Junct ion Remedia l  Act ion Cr i ter ia

7 t 2 . 1 Purpose

(a)  determinat ion by I loE of  the need for ,  pr ior i ty  of  and select ion of

appropr iate remedia l  act ion to l i r r i t  tbe exposure of  ind iv iduals in  the

area of  Grand Junct ion,  Colorado,  to radiat ion emanat ing f rom uranius l

m i I l  t a i l i ngs  wh i ch  have  been  used  as  coos t ruc t i on - re la ted  ma te r i a l '

(b)  The regulat ions in  th is  par t  are issued Pursuant  to Pub.  L.  92-314

(86  S ta t .  222 )  o f  June  16 ,  L972 .

712 .2  Scope

The regulat ions in  th is  Par t  apPly to a l l  s t ructures in  the area of

Grand Junct ion,  Colorado,  under or  adjacent  to which uraniu.m mi l l  ta i l ings have

been used as a construct ion-re lated mater ia l  between January 1,  1951r and

June 16 ,  7972,  inc lus ive.

712 .3  De f i n i t i ons

As  used  i n  t h i s  Pa r t :

(a)  "Adminis t rator t '  Deans the Adminis t rator  of  Energy Research and

Development  or  h is  duly  author ized representat ive '

(b)  "Area of  Grand Junct ion,  Coloradort '  means Mesa County,  Colorado.

(c)  t 'Backgroundt '  means radiat ion ar is ing f rom cosmic rays and radio-

act ive mater ia l  o ther  than uraniun o i l l  ta i l ings '

(d)  rDOEtt  means tbe U.S.  Departoent  of  Energy or  any duly author ized

representat ive thereof  .

(e)  t tConstruct ion-re lated mater ia l t t  Deans any mater ia l  used in the

conatruct ion of  a s t ructure.

( f )  "ExternaI
exposure rate
f l oo r  l eve l .

garma radiat ion leveltt  means the average Sanma radiat ion

for  the  hab i tab le  a rea  o f  a  s t ruc tu re  as  Deasured near
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(g)  " Indoor radon daughter  concentrat ion level"  means that  concentra-
t ion of  radon daughters deter :u ined by:  ( l )  averaging the resul ts  of  s ix
a i r  samples each of  at  least  IOO hours durat ioo,  and taken at  a min imum
of 4-week intervals  throughout  the year  in  a habi table area of  a s t ruc-
turer  or  (2)  ut i l iz ing some other  procedure approved by the Commission.

(h)  " l : l i l l i roentgenr '  (mR) means a uni t  equal  to  one- thousandth ( r / rooo)
of  a roentgen which roentgen is  def ined as an exposure dose of  X or
Sarutra radiat ion such that  the associated corpuscular  emiss ion per
0 .001293  g ram o f  a i . r  p roduces ,  i n  a i r ,  i ons  ca r r y i ng  one  e rec t ros ta t i c
uni t  o f  quant i ty  of  e lect r ic i ty  of  e i ther  s ign.

( i )  ' rRadiat iont '  means the erectromagnet ic  energy (ganna) and the par-
t icu late radiat ion (a lpha and beta)  which emanate f rom the radioact ive
decay of  radium and i ts  daughter  products.

( i  )  "Radon daughterst t  means the consecut ive decay products of
rad 'oa '222.  Generar ly ,  these incrude Radium A (potoniqm-zra) ,  Radium B
( read -214 ) ,  Rad ium c  (b i smu th -2 r4 ) ,  and  Rad i ,m  c r  (po lon iun -2 r .4 ) .

(k)  I 'Remedia l  act ion ' r  means any act ion taken wi th a reasonable expec-
tat ion of  reducing the radiat ion exposure resul t i -ng f rom uranium mi l l
ta i l ings which have been used as construct ion-re lated mater ia l  in  and
around st ructures in  the area of  Grand Junct ion,  co lorado.

( I )  "Surgeon General 's  Guidel ines,  means radiat ion guidel ines re lated
to uraniusr  mi l l  ta i l ings prepared and rereased by the of f ice of  the u.s.
surgeon Generar ,  Department  of  Hearth,  Educat ion and wel fare on JuLy 27,
1 9 7 0 .

' ruraniun mi l r  ta i l ingstr  meana ta i l ings f rom a uranium mi l r ing
operat ion involved in the Federal  urani  rm procurement  program.

(n) 'rWorking Level, (tf[) means any
daughter  products in  1 l i ter  of  a i r
em iss ion  o f  1 .3  x  l os  MeV o f  po ten t i a l

In terpretat ions

(n)

combinat ion of  shor t - I ived radon
that  wi I I  resul t  in  the u l t imate
alpha energy.

7 7 2 . 4

Except  as speci f ica l ly  author ized by the Adminis t rator  in  wr i t ing,  no
interpretat ion of  the meaning of  the regulat ions in  th is  par t  by an of f icer  or
employee of DOE other than a written interpretation by the General Counsel wil l
be recognized to be binding upon DOE.

712.5 Qemrn rn iq6t ions

Except  where otherwi .se speci f ied in  th is  par t ,  a l l  communicat ions con-
cern ing the regulat ions in  th is  par t  should be addressed to the Director ,
Div is ion of  Safety,  Standards,  and Compl iance,  U.S.  Department  of  Energy,
Wash ing ton ,  D .C .  2OS4S.
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General  radiat ion expoaure level cr i ter ia for remedial  act ion'

The basis for  undertak ing renedia l  act i .on shal l  be the appl icable guide-

l ines publ ished by the surgeon General  of  the uni ted states '  These guidel ines

recosmended tbe fo l lowing graded act ion levels for  remedia l  act ion in  terms of

external gamna radiation level (ECrR) and indoor radon daugbter concentrati-on

level  (RDC) above background found wi th in dwel l ings constructed on or  wi th

u ran ium n i I I  t a i l i ngs .

Recomnendation

Grea te r  t han  O . f  nR /h

F r o m  O . O 5  t o  O . f  n R / h

Less than O.O5 nR/h

Greater  than O.05 WL

F r o m  O . O l  t o  O . O 5

Lees  than  O .O l  WL

Remedia l  act ion indi -
ca ted .

Remedia l  act ion may be
suggestsed.

No remedia l  act ion in-
d i ca ted

7L2.7 Cr i ter ia  for  determinat ion of  possib le need for  remedia l  act ion

Once i t  is  determined that  a possib le need for  remedia l  act ion ex is ts ,

the record owner of  a s t ructure shal l  be not i f ied of  that  s t ructure 's  e l ig ib i l i -

ty  for  an engioeer ing assesament  to conf i rm the need for  remedia l  act ion and to

ascer ta in the most  appropr iate reoedia l  meaeure,  i f  any.  A detero inat ion of

possib le need wi l l  be made i f  ae a resul t  o f  the presence of  uranium mi l l  ta i l -

ings under or  adjacent  to the st ructure,  one of  the fo l lowing cr i ter ia  is  met :

(a) where DOE approved data on indoor radon daughter concentration

levele are avai lable

(1)  For  dwel l ings and schoolrooms:  An indoor radon daughter  concen-

t rat ion level  of  O.Ol  WL or  8reater  above background'

(2)  For  other  s t ructurea:  An indoor radon daugbter  concentrat ion

Ievel  of  O.03 WL or  greater  above background.

(b) lr lhere DOE approved data on indoor radon daughter concentration

levels are Dot  avai lable:

(1)  For  dwel l ings and schoolrooms:

( i )  An external  tarDa radiat ion level  of  O.O5 nR/h or  Sreater  above

background.
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( i i )  An indoor radon daughter  concentrat ion level  of  o.o l  t r1.  or  greater
above background (presumed).

(A)  I t  may be presumed that  i f  the external  gadna radiat ion level  is
equal  to  or  exceed o.02 mR/h above background,  the indoor radon daughter
concentrat ion level  equals or  exceeds O.Ol  I {L above background.

(B)  r t  shourd be presuned that  i f  the externar  ganma radiat ion level
is  less than 0-oor  mR/h above background,  the indoor radon daughter  con-
centrat ion level  is  less than 0.01 WL above background,  and no possib le
need  fo r  remed ia l  ac t i ons  ex i s t s .

(c)  I f  the external  8a[ma radiat ion level  is  equal  to  or  greater  than
o'Ool  mR,/h above background but  is  less than o.02 mR/h above background,
measurements wi I I  be requi red to ascer ta in the indoor radon daughter
concent . rat ion Ievel .

( 2 )  Fo r  o the r  s t ruc tu res :

( i )  An external  ganma radiat ion level  of  0.15 mR/h above background
averaged on a roorn-by-room basis.

( i i )  No presumpt ions shal l  be made on the external  gamma radiat ion
level / i -ndoor radon daughter  concentrat ion level  re lat ionship.  Deci -
s ions wi l l  be made in indiv idual  cases based upon the resul ts  of  actual
measurements.

712'8 Determinat ion of  possib le need for  remedia l  act ion where cr i ter ia  have
not  been met.

The possib le need
te r i a  i n  772 .7  have  no t
factors inc lude,  but  are
dist r ibut ion of  radiat i_on
of  ind iv iduals occupying
a r e a .

for  remedia l  act ion may be determined where the cr i -
been met i f  var ious other  factors are presetr t .  Such
no t  necessa r i l y  l im i t ed  to ,  s i ze  o f  t he  a f f ec ted  a rea ,

levels in  the af fected area,  amount  of  ta i l ings,  age
af fected area,  occupancy t ime,  and use of  the af fected

7  1 2 . 9

In determio iog the order  or
considerat ion shal l  be g iven,  but
f a c t o r s :

pr ior i ty  for  execut ion of  remedia l  act ion,
not  necessar i ly  l imi ted to,  the fo l lowing

Factors to be considered in determinat ion of  order  of  pr ior i ty  for
remedia l  act ion.

(a)  Classi f icat ion of  s t ructure.  Ihre l l ings and schools shal l  be con-
s ide red  f i r s t .

(b)  Avai labi l i ty  of  data.  Those st ructures for  which t la ta on indoor
radon daughter concentration leve1s and,/or external ganma radiation
Ievels are avai lable when the program star ts  and which meet  the cr i ter ia
i n  712 .7  w i l l  be  cons ide red  f i r s t .
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o f  app l i ca t i on .  I nso fa r

in the order  in  which the
aa  feas ib le  remed ia l  ac t i on  w i I I  be

app l i ca t i on  i s  rece i ved .

In general ,  those st ructures wi th the

given pr imary considerat ion-
(d )  l lagn i tude o f  rad ia t ion  leve l .

h ighes t  rad ia t ion  leve ls  w i l I  be

( e )

( f )

Geographical  locat ion of  s t ructures.  A group of  s t ructures located in

the same imediate geographical  v ic in i ty  may be g iven pr ior i ty  con-

s iderat ion par t icutar ly  where they involve s io i lar  remedia l  ef for ts  -

Avai labi l i ty  of  s t ructures.  An atLempt wi l I  be made to schedule

remedia l  act ion dur ing those per iods when remedia l  act ion can be taken

wi th n in imum inter ference.

Cl inat ic  condi t ions.  Cl ioat ic  condi t ions or  other  seasonable con-

s iderat ions may af fect  the schedul ing of  cer ta in remedia l  measures.

Select ion of  appropr iate remedia l  act ion-

Tai l ings wi l l  be removed f rom those st ructures where the appropr iate ly

averaged external  gal rna radiat ion level  is  equal  to  or  greater  than

0.O5 nR/h above background in the case of  dwel l ings and schools and

0. f5 mR/h above background in the case of  other  s t ructures.

Where the cr i ter ion ia  paragraph (a)  of  th is  sect ion is  not  met ,  other

remedia l  act ion tecbniquee,  inc luding but  not  l imi ted to sealants,

vent i la t ion,  and shie ld ing oay be considered in addi t ion to that  of

ta i l ings removal .  DOE sbal l  se lect  the remedia l  act ion technique or

combinat ion of  techniques,  which i t  determines to be the most  aPpro-

pr iate under the c i rcumstances.

(e )

7 1 2 . L O

( a )

( b )
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40 CFR Part  192

HEALTH AND ENVIRONI{ENTAf, PROTECTION STANDARDS
FOR I]RANITJM HILL TAILINGS

(Excerpts have been ret5rped for purposes of this report)

SUBPART B--Standards for  Cleanup of  Open Lands and Bui ld ings Contaminated wi th
Residual  Radioact ive l la ter ia ls  f rom Inact ive Urani r .un Processing Si tes

1 9 2 . 1 0  A p p l i c a b i l i t y

'  This  subpart  appl ies to land and bui ld ings which are par t  of  any processing
s i t e  des igna ted  by  t he  Sec re ta ry  o f  Ene rgy  unde r  Pub .  L .  95 -604 ,  Sec t i on  102 .
sec t i on  1o l  o f  Pub .  L .  95 -504 ,  s ta tes  t ha t  "p rocess ing  s i t e "  means - -

(a)  any s i te ,  inc luding the mi l l ,  conta in ing res idual  radioact ive
mater ia ls  at  which a l l  or  substant ia t ly  a l l  o f  the s164ir rm rdas produced for  sa le
to any Federal  agency pr ior  to  January l ,  1971,  under a contract  wi th any
Federa l  agency ,  excep t  i n  t he  case  o f  a  s i t e  a t  o r  nea r  S l i ck  Rock ,  Co lo rado ,
un less - -

( 1 )  s u c h  s i t e  r t a s  o w n e d  o r  c o n t r o l l e d  a s  o f  J a n u a r y  l , 1 9 7 8 ,  o r  i s
thereaf ter  owned or  contro l led,  by an Federal  agency,  or

(2)  a l icense I issues by the (Nuclear  Regulatory)  Commission or  i ts
predecessor  agency under the Atomic Energy Act  of  1954 or  by a State as per-
mi t ted under Sect ion 274 of  such Act l  for  the product ion at  such s i te  of  any
u ran i 'm  o r  t ho r i um p roduc t  de rv ied  f rom o res  i s  i n  e f f ec t  on  Janua ry  1 ,  1978 ,  o r
is  issued or  renewed af ter  such date;  and

(b) Any other real property or improvement thereon which--

(1 )  i s  i n  t he  v i c i n i t y  o f  such  s i t e ,  and

(2)  is  determined by the Secretary,  in  consul tat ion wi th the
Commission,  to  be contaminated wi th res idual  radioact ive mater ia ls  der ived f rom
such  s i - t e .

192 .  l 1  De f i n i t i ons

(a)  Unless otherwise indicated in  th is  subpart ,  a I I  terms shal l  have the
same meaning as def ined in T i t le  I  o f  the Act  or  in  Subpart  A.

(b)  Land means any sur face or  subsurface land that  is  not  par t  of  a
disposal  s i te  and is  not  covered by an occupiable bui ld ing.

(c)  l r tork inS.Level  (m) means combinat ion of  shor t - I ived radon decay
products in  one l i ter  of  a i r  that  wi l l  resul t  in  the u l t imate emiss ion of  a lp[a
par t ic les wi th a tota l  energy of  13O bi l l ion e lect ron vol ts .
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(d)  Soi l  means a l l  unconsol idated mater ia ls  normal ly  found on or  near  the

su r face  o f  t he  ea r th  i nc lud ing ,  bu t  no t  l im i t ed  to  s i l t s ,  c l ays ,  sands ,  g rave l ,

and  sma l l  r ocks .

192 .12  S tanda rds

Remedia l  act ions shal l  be conducted so as to prov ide reasonable assurance

tha t ,  as  a  resu l t  o f  r es idua l  r ad ioac t i ve  ma te r i a l s  f r om any  des iSna ted  p roces -

s i n S  s i t e :

(a)  the concentrat ion of  radivm-225 in land averaged over  any area of  100

square meters shal l  not  exceed the background level  by more than---

( f )  5  pC i /g ,  ave raged  ove r  t he  f i r s t  15  cm o f  so i l  be low  the  su r face ,

and

(2 )  f 5  pC i /g ,  ave raged  15  cm th i ck  l aye rs  o f  so i l  more  than  15  cm
be low  the  su r face .

(b)  in  any occupied or  habi table bui ld ing-- -

( l )  t he  ob jec t i ve  o f  r emed ia l  ac t i on  sha l l  be ,  and  reasonab le  e f f o r t
shal l  be made to achieve,  an annual  average (or  equivalent)  radon decay product

concentsrat ion ( inc luding background) not  to  exceed 0.02 WL. In any case,  the
radon decay product  concentrat ion ( inc luding background) shal l  not  exceed 0.03 t {L,

and

(2)  the level  of  gamma radiat ion shal l  not  exceed the background
level  by more than 2O microroentgens per  hour .
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EXCERPTS FROM LA-LJR-79-r865-Rev.,

" Inter im Soi I  L in i ts  for  D&D projecLs"

Table )O(I I I .  Recommended Soi l  L imi t r " ,b l i r r  pc i lg)

Ingest i -on

Inhalat ion
Home

Gardener
FuI1
D ie t

External  Al l
Radiat ion Pathwaysc

2 3 r p ^

2 2 7  6 .

2 3 2 1 5

22aTtr

2 3 0 1 6  ( N o  D a u g h t . )

2 3 8 9 - 2 3 a 9

9osr

r 3 7 9 "

5 0

200d

45

I , O O O

300

750

2 x 1 0 6

7x1OG

740

4 , 9 O O

670

3 7 , O O O

4 , 4 O O

44

100

800

150

I , O 0 0

740

7  , 8 O O

940

8

1 9

1

250

300

40

55

36,  OO0

6,  ooo

90

40

120d

20

5 0

280

40

ro0

80

tso i l  
l im i t s  go t  2a lA rn .n6  239 r24opu  a re  ava i l ab le  f r om EpA recomrnenda t i ons ,  and

a  so i l  l im i t  9o .226 i "  has  been  repo r ted  by  Hea l y  and  Rodgers .

b l i rn ia"  
are to aPply to only  one nucl ide present  in  the soi l .  f f  more than one

is present ,  a weighted average should apply.

cBased 
on a d iet  of  a home gardener.

oModi f i .d  
f rom r ,A- IJR-79-1865-Rev.  va lues to correct  error .
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EXCERPTS FROI{ DOE 5480.1, Chapter XI

t tRequirements for  Radiat ion Protect ion"

Exposure of  Indiv iduals asd PoDulat ion GrouDs in Uncontro l led Areas.

Exposures to t . tb" t "  of  the publ ic  shal l  be as low as reasonably achievable

Ievels l r i th in Lhe standards prescr ibed below'

Radiat ion Protects ion Standards

for  In ternal  and External  Exposure

of  Members of  the Publ ic

Annual Dose Equivalenc
or Dose Comi-tment

Based on Dose to
Indiv iduals at
Points of  Maximum

Based on Average Dose
to a Sui table SamPIe
of  the Exposed

Whole body,
gonads ,  o r
bone marrow

Other organs

Probable

0 . 5  r e m
(or  5OO mrem)

1 . 5  r e m
(or  15OO mrem)

I a t i o n

O . 1 7  r e m
(o r  170  mrem)

O . 5  r e m
(or  5O0 mrem)

CONCE}TTRATIONS IN AIR AND WATER ABOVE NATIJRAL BACKGROIJND

Table I
Contro l led Area

Tab le  I I
Uncontro l led Area

Element
(a tomic

nunber)

IsotoDe
so lub le  (S )

i nso lub le  ( I )

Colunn I
A i r
(pci/ e)

Column 2
Water

(pc i /  e )

Column 1
Ai r

(pci /  e)

Column 2
lJater

(pci/ e)

Radon  (85 ) 220 S

222 S

10

3

Rn

Rn

300

loo
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EVALUATION OF RADIATION EXPOSI.IRES

INTRODUCTION

A. Types of  Radiat ion

Radiat ion is  the emiss ion or  t ransmiss ion of  energy in  the form of  waves or
pa r t i c l es '  Examp les  a re  acous t i c  rdaves  ( i . e . ,  sound ) ,  e l ec t romagne t i c  waves
(such  as  rad io ,  I i gh t ,  x -  and  gamma- rays ) ,  and  pa r t i cu la te  rad ia t i ons  ( such  as
a lpha  pa r t i c l es ,  be ta  pa r t i c l es ,  neu t rona ,  p ro tons ,  and  o the r  e lemen ta ry  pa r -
t i c l e s ) .

The c lass of  radiat ion of  importance to th is  repor t  is  knowu as ioniz ing
rad ia t i on '  I on i z i ng  rad ia t i ons  a re  t hose ,  e i t he r  e lec t romagne t i c  o r  pa r t i cu -
Ia te ,  w i t h  su f f i c i en t  ene rSy  to  i on i ze  ma t te r ,  i . € . ,  t o  remove  o r  d i sp lace
electrons f rom atoms and molecules.  The most  cornmon tJ4)es of  ion iz ing radiat ion
a re  x -  and  gamma- rays ,  a rpha  pa r t i c res ,  be ta  pa r t i c res ,  and  neu t rons .

X-  and Samma-rays are e lect romagnet ic  waves of  pure energy,  having no
charge and no mass or  ex is tence at  rest .  Gamma-rays and x-rays are ident ica l
except  that  x- rays or ig inate in  the atom and gauuna-rays or ig inate in  the nucleus
of  an atom'  X-  and gatDma-rays are h ighly  penetrat ing and can pass through
relat ive ly  th ick mater ia ls  before in teract ing.  Upon interact ion,  some or  aI I  o f
the energy is  t ransferred to e lect rons which,  in  turn,  produce addi t ional
ionizat ions whi le  coming to rest .

Alpha par t ic les are posi t ive ly  charged par t icu lates composed of  two neutrons
and two Protons,  ident ica l  to  the nucleus of  a hel ium atom. Due to i ts  com-
parat ive ly  Iarge mass and double charge,  an a lpha par t ic le  in teracts readi ly
wi th mat ter  and penetrates only a very shor t  d is tance before coming to rest ,
causing in tense ionizat ion a long i ts  path.

Beta par t ic les are negat ive ly  charged f ree e lect rons moving at  h igh speeds.
Due to i ts  comparat ive ly  smal l  mass and s ingle charge,  a beta par t ic le ,s  pene-
t rat ion through matter  is  in termediate between that  of  the a lpha par t ic le  and
the Satnma-ray,  causing fewer ionizat ions per  uni t  path length than an a lpha
p a r t i c l e .

Sources of  Radiat ion

Ioniz ing radiat ions ar ise f rom terrestr ia l  radioact ive mater ia ls  (both
na tu ra l l y  occu r r i ng  and  man-made) ,  ex t ra - te r res t r i a l  ( cosm ic )  sou rces ,  and
radiat ion-producing machines.  The sources of  ion iz ing radi -at ion igpor tant  to
th is  repor t  are radioact ive mater iars and cosmic sources.

Most  atoms of  the e lements in  our  envi ronment  remain st ructura l ly  s table.
With t imer an atom of  potassiun,  for  instance,  may change i ts  associat ion wi th
other  atoms in chemical  react ions and become par t  of  other  comporrnds,  but  i t
wi I I  a lways remain a potassiun atom. Radioact ive atoms,  on the other  hand,  are

B .
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oot  s table and wi l l  spootaneously emit  radiaLion in  order  to achieve a more

stable state.  Because of  th is  spontaneous t ransformat ion '  the rat io  of  protons

and neutrons in  the nucleus of  an ato| t r  is  a l tered toward a more stable condi-

t i on .  Rad ia t i on  may  be  eE i t t ed  f r om the  nuc leus  as  a lpha  pa r t i c l es ,  be ta  pa r -

t ic les,  neutrons,  or  gatr ! t ra-rays,  depending uniquely upon each par t icu lar  radio-

nucl ide.  Radionucl ides decay at  character is t ic  raLes dependent  upon the degree

o f  s tab i l i t y  and  cha rac te r i zed  by  a  pe r i od  o f  t ime  ca l l ed  t he  ha l f - l i f e .  I n  one

hal f - t i fe ,  the number of  radioact ive atoos and,  therefore,  the amount  of  radia-

t i on  em i t t ed ,  dec rease  bY  one  ha l f '

The exposure of  man to terrestr ia l  radiat ion is  due to natura l ly  occurr ing

radionucl ides and a lso to t 'man-madet t  or  technological ly  enhanced radioact ive

ma te r i a l s .  Sewera l  dozen  rad ionuc l i des  occu r  na tu ra l l y ,  some  hav ing  ha l f - l i ves

of  at  least  the same order  of  magni tude as the est imated age of  the ear th.  The

major i ty  of  tshese naLural ly  occurr ing radionucl ides are isotopes of  the heavy

elements and belong to three d is t inct  radioact ive ser ies headed by uranium-238,

urani r . rn-235,  and thor i rn-232.  Each of  these decays to s table isotopes of  lead

(pb)  through a sequence of  radionucl ides of  widely  vary ing hal f - l ives.  Other

na tu ra l l y  occu r r i ng  rad ionuc l i des ,  wh i ch  decay  d i rec t l y  t o  a  s tab le  nuc l i de r  a re

potassiurn-Ao and rubid ium-87.  I t  should be noted that  even though the isotopic

abundance of  poLassium-4g is  less than 0.0727, ,  potassium is  so widespread that

potassi r . rm-4g contr ibutes about  one- tb i rd of  the radiat ion dose received by man

from natura l  background radiat ion.  A major  por t ion of  the exposure (dose)  of

man  f rom ex te rna l  t e r res t r i a l  r ad ia t i on  i s  due  to  t he  rad ionuc l i des  i n  t he  so i l ,

pr imar i ly  potassium-4o and the radioact ive decay-chain products of  thor iuro-232

and uranium-238.  The natura l ly  occurr ing radionucl ides deposi ted in ternal ly  in

man through uptake by inhalat ion/ ingest ion of  a i r ,  food,  and dr ink ing water

con ta in ing  the  na tu ra l  r ad ioac t i ve  ma te r i a l  a l so  con t r i bu te  s i gn i f i can t l y  t o  h i s

tota l  dose.  Many other  radionucl ides are referred to as "man made" in  the aense

that  they can be produced in large quant i t ies by such means as nuclear  reactors '

acce le ra to rs  r  o r  nuc lea r  weaPons  tes t s  '

The term "cosmic radiat ion"  refers both to the pr imary energet ic  par t ic les

o f  ex t ra - te r res t r i a l  o r i g i n  t ha t  a re  i nc iden t  on  the  ea r th ' s  a tmosphe re  and  to

the secondary par t ic les Lhat  are generated by tbe in teract ion of  these pr imary

part ic les wi th the atmosphere,  and reach ground level .  Pr imary cosmic radiat ioa

cons i s t s  o f  "ga lac t i c "  pa r t i c l es  ex te rna l l y  i nc iden t  on  the  so la r  sys temr  and

, ,so lar , ,  par t ic les emit ted by the s, ,n.  This  radiat ion is  composed pr iurar i ly  of

energet ic  Protons and a lpha par t ic les.  The f i rs t  generat ion of  secondary

pa r t i c l es  ( seconda ry  cosm ic  rad ia t i on ) ,  p roduced  by  nuc lea r  i n te rac t i ons  o f  t he

pr imary par t ic les wi th the atmosphere,  consists  predorr inant ly  of  neutronst

p ro tons ,  and  p ions .  P ion  decay ,  i n  t u rn r  resu l t s  i n  t he  p roduc t i on  o f  e l ec -

t rons,  photons,  and Duona.  At  the lower e levat ions,  the h ighly  Penetrat inS

muona aqd thei r  associated decay and col l is ion e lect rons are the dominant

cornpoDents of  the cosmic-ray par t ic le  f lux densi ty .  These par t ic les,  together

wi th photons f rom tbe gamma-emit t ing,  natura l ly  occurr ing radionucl ides in  the

Iocal environment, form the external penetrating comPonent of the background

envi ronmental  radiat ion f ie ld which Provides a s igni f icant  por t ion of  the whole-

body  rad ia t i on  dose  Lo  man .
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fn  addi t ion to the d i rect  cosmic radiat ion,  cosmic sources inc lude cosmic-
ray -p roduced  rad ioac t i v i t y ,  i . e . ,  cosmogen ic  rad ionuc l i des .  The  ma jo r  p roduc -
t ion of  cosmogenic radionucl ides is  through interact ion of  the cosmic rays wi th
the atmospher ic  Sases through a var iety  of  spal la t ion or  neutron-capture reac-
t ions.  The four  cosmogenic radionucl ides that  contr ibute a measurable radiat ion
dose to man are carbon-14,  sodium-22,  bery l l ium-7,  and t r i t ium (hydrogen-3) ,  a l l
produced in the atmosphere.

BACKGROI.]ND RADIATION DOSES

Background radiat ion doses are compr ised of  an external  component  of  radia-
t ion impinging on man f rom outs ide the body and an internal  component  due to
radioact ive mater ia ls  taken into the body by inhalat ion or  ingest ion.

Radiat ion dose may be expressed in uni ts  of  rads or  rems,  depending upon
whether  the reference is  to  the enerSy deposi ted or  to  the b io logical  ef fect .  A
rad is  the amount  of  radiat ion that  deposi ts  a cer ta in amount  of  energy in  each
Sram o f  ma te r i a l .  I t  app l i es  t o  a l l  r ad ia t i ons  and  to  a11  ma te r i a l s  wh i ch
abso rb  t ha t  rad ia t i on .

Since d i f ferent  t )n)es of  radiat ion produce ionizat ions at  d i f ferent  rates
as they pass through t issue,  d i f ferences in  damage to t issues (and hence the
b io log i ca l  e f f ec t i veness  o f  d i f f e ren t  rad ia t i ons )  has  been  no t i ced .  A  rem i s
def ined as the amount  of  energy absorbed ( in  rads)  f rom a g iven type of  radia-
t ion mul t ip l ied by the factor  appropr iate for  the par t icu lar  tJ lpe of  radiat ion
in order  Lo aPproximate the b io logical  damage that  i t  causes re lat ive to a rad
of  x  or  Saruma radiat ion.  The concept  behind the uni t  " rem" permi ts  evaluat ion
of  potent ia l  e f fects f rom radiat ion exposure wi thout  regard to the type of
radiat ion or  i ts  source.  One rem received f rom cosmic radiat ion resul ts  in  the
same bio logical  ef fects as one rem f rom medical  x- rays or  one rem f rom the
radiat ions emit ted by natura l ly  occurr ing or  man-made radioact ive mater ia ls .

The external  penetrat ing radiat ion dose to man der ives f rom both terres-
t r ia l  radioact iv i ty  and cosmic radiat ion.  The terrestr ia l  component  is  due
pr imar i ly  to  the Sanuna dose f rom potassium-4O and the radioact ive decay products
of  thor ium-232 and uranium-238 in soi l  as weI I  as f rom the beta-gamma dose f rom
radon daughters in  the atmosphere.  Radon is  a gaseous member of  the uraniun-238
chain.  The populat ion-weighted external  dose to an indiv idual 's  whole body f rom
terrestr ia l  sources in  the Uni ted States has been est imated as 15 mrem per year
for  the At lant ic  and Gut f  Coasta l  Pla in,  57 mrem per year  for  an indeterminate
area a long the Rocky Mounta ins,  and 29 mrem per year  for  the major i ty  of  the
rest  of  the Uni ted States.  The overal l  populat ion-weighted external  dose for
the U.S.  populat ion as a whole has been est imated to be 26 mrem per year .

The cosmic radiat i -on dose,  due to the charged par t ic les and neutrons f rom
secondary cosmic rays,  is  typ ical ly  about  30% to 50% of  the tota l  f rom al l
external  envi ronmental  radiat ion.  The cosmic-ray dose to the populat ion is
est imated to be 26 mrem per year  for  those l iv ing at  sea level ,  and increases
wi th increasing a l t i tude.  Consider ing the a l t i tude d is t r ibut ion of  the U.S.
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popu la t i on ,  t be  popu la t i on -we igh ted  ex te rna l  cosm ic - ray  dose  i s  28  mrem pe r

yea r .  The  popu la t i on -we igh ted  to ta l  ex te rna l  dose  f rom ge r res t r i a l  p l us  cosm ic

sou rces  i s  t hus  54  mrem Per  yea r  f o r  t he  U 'S '  popu laL ion  as  a  who le '

The  i n te rna l  r ad ia t i on  doses  de r i ve  f r om te r res t r i a l  and  cosmogen ic  rad io -

nucl ides deposi ted wi th in the body through uptake by inhalat ion/ insesLion of

a i r ,  f ood ,  and  d r i nk ing  eaLe r .  once  depos i t ed  i n  t he  body ,  many  rad ioac t i ve

ma te r i a l s  can  be  i nco rpo ra ted  i n to  t i s sues  because  the  chemica l  p rope r t i es  o f

Lhe  rad io i so topes  a re  i den t i ca l  o r  s im i l a r  t o  s tab le  i so topes  i n  t he  t i s sues  '

Potassiurn-4o,  for  instance,  is  incorporated in to t issues in  the same mant ler  as

sLab le  po tass ium a toms  because  the  chemica l  p rope r t i es  a re  i den t i ca l ;  r ad io -

act ive radiurn and st ront iu .D cal r  be incorporated in to t issues in  the aame manner

as  ca l c i um because  Lhe i r  chemica l  p rope r t i es  a re  s im i l a r '  once  depos i t ed  i n

t i ssue ,  t hese  rad ionuc l i des  em i t  r ad ia t i on  t ha t  resu l t s  i n  t he  i n te rna l  dose  to

indiv idual  organs and/ot  the whole body as long as i t  is  in  the body '

The internal  dose to the lung is  due pr imar i ly  to  the inhalat ion of

poloninm-218 and -214 (xadon daughters) ,  Lead'212 and b ismut-} r -2 lz  ( thoron daugh-

te rs )  and  po lon iun -2 lo  (one  o f  t he  l onge r - I i ved  radon  decay  p roduc ts )  '  The  dose

to the lung is  about  IOO mrem per year  f rom inhaled natura l  radioact iv i ty .  The

internal  dose f rom subsequent  incorporat ion of  inhaled or  ingested radioact iv i ty

is  due to a beta-gaoma dose f rom incorporat ion of  potassiurn-4O, rubid ium-87,  and

cosmogen ic  nuc l i des ,  and  an  a lpha  dose  f rom inco rpo ra t i on  o f  p r imar i l y

polonium-210,  radium-226 and -228,  and uraniun-238 and -234.  The dose to man

from internal ly  incorporated radionucl ides is  about  28 mrem Per year  to the

gonads ,  abou t  25  mrem pe r  yea r  t o  t he  bone  mar row ,  l ung ,  and  o the r  so f t  t i s sues t

and  abou t  f 17  mrem pe r  yea r  t o  t he  bone  (os teocy tes ) .  The  bone  dose  a r i ses

p r imar i l y  f r om the  a lpha -em i t t i ng  members  o f  t he  na tu ra l l y  occu r r i ng  se r i es ,

wi th poloniurn-2 lo being the largest  cohtr ibutor .  The gonadal  and sof t  t issue

doses ar ise pr imar i ly  f rom the beta and Bamma emiss ions f rom potassium-4O. The

tota l  in ternal  dose f rom inhaled p lus incorporated radioact iv i ty  is  about

28 mrem per year  to the gonads (or  whole-body dose) ,  about  125 mrem per year  to

the lung,  about  25 mrem Per year  to the bone marrow, and about  117 mrem per year

to  t he  bone  (os teocY tes ) .

The tota l  natura l  background radiat ion dose is  the sum of  the extsernal  and

internal  components.  The populat ion-weighted dose for  the U'S '  populat ion as a

whole is  about  82 mrem Per year  to the gonads or  whole body,  about  179 mrem per

year to the lung,  about  79 mrem Per year  to the bone marrow, and about  171 mrem

per  yea r  t o  t he  bone  (os teocY tes ) .

Besides the natura l  background radiat ion,  background radiat ion doses inc lude

contr ibut ions f rom man-made or  technological ly  enhanced sources of  radiat ion '

By far ,  the most  s igni f icant  are x-ray and radiopharmaceut ica l  medical  examina-

t ions.  These contr ibute a populat ion-averaged dose est imated to be 7O mrem per

year for  the U.S.  populat ion as a whole.  Fal lout  f rom nuclear  weaPona test ing

through l97O has contr ibuted 5O-year dose comitments est imated as 80 mreE

external ,  and 30,  20,  and 45 mreo internal  to  the gonads,  lung,  and bone marrowt

respect ive ly .  contr ibut ions f rom the use of  foss i l  fue ls  (natura l  gas and coal )

and  nuc lea r  reac to rs ;  m in ing ,  n i l l i ng r  and  ta i l i ngs  p i l es l  t e l ev i s i on  se ts t

smoke detectors,  aod watch d ia ls  could be responsib le for  an addi t ional  5 mrem
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pe r  yea r ,  ave raged  ove r  t he  U .S .  popu la t i on  as  a  who le .
rad ia t i on  o r  rad ioac t i v i t y  f o r  sc ien t i f i c ,  i ndus t r i a l ,
cause  worke rs  i n  t he  i ndus t r y  and ,  t o  a  l esse r  ex ten t ,
publ icr  to  receive some radiat ion exposure above natura l

EVALUATION OF RADIATION DOSE AND POTENTIAL HAZARD

In addi t ion,  the use of
or  medical  purposes may

members of  the general
background.

Radiat ion,  regardless of  i ts  sources,  is  considered to be a ; .azard because
of  i ts  potent ia l  for  producing adverse ef fects on husran l i fe .  Very large
amoun ts  o f  r ad ia t i on  rece i ved  ove r  a  b r i e f  pe r i od ,  i . e . ,  hund reds  o f  r em de -
I ivered wi th in a few hoursr  can produce severe in jury or  death hr i th in days or
weeks '  Dist r ibuted over  longer in tervals ,  however,  these same doses would not
cause ear ly  i l lness or  fa ta l i ty .  At  doses and rates too low to produce these
immediate s l rmptoms,  chronic or  repeated exposure to radiat ion can br ing about
b io logical  damage which does not  appear unt i l  years or  decades later .  These
low- level  ef fects are stochast ic  in  nature;  thei r  probabi l i ty  rather  than thei r
sever i ty  increases wi th dose.  Pr imary among these latent  or  delayed ef fects are
somat ic  ef fects,  where insul ts  such as cancers occur  d i rect ly  to  the indiv idual
exposed,  and genet ic  defects,  where,  through damage to the reproduct ive cel ls  of
the exposed indiv idual ,  d isabi l i ty  and d isease ranging f rom subtre to severe are
t ransmi t t ed  t o  t he  exposed  pe rson ' s  o f f sp r i ng .

Cl in ica l  or  observed evidence of  a re lat ionship betrdeen radiat ion and hgman
cancers ar ise f rom several  aources.  The most  important  data cone f rom the
vic t ims of  Hi roshima and Nagasaki ,  pat ients exposed dur ing medical  therapy,
radium dia l  painters r  and urani tun miners.  Data ex is t  only  for  re lat ive ly  large
doses;  there have been no d i rect  measurements of  increased inc idence of  cancer
for  low- level  radiat ion exPosures.  Evaluat ion of  the avai lable data has lead to
est imates of  the r isk of  radiat ion- induced cancer;  est imated r isks for  the lower
doses have been der ived by l inear  ext rapolat ion f rom the h igher  doses.  Al l
radiat ion exPosures then,  no mat ter  how smal l ,  are assumed to be capable of
i nc reas ing  an  i nd i v i dua l r s  r i sk  o f  con t rac t i ng  cance r .

Data on genet ic  defects resul t ing f rom radiat ion exposure of  huorans is  not
avai lable to the extent  necessary to a l low an est . imate of  the r isk of  radiat ion-
induced ef fects.  Data f rom animals,  a long wi th general  knowledge of  genet ics,
have been used to der ive an est imate of  the r isks of  genet ic  ef fects.

Est imates of  heal th ef fects f ron radiat ion doses are usual ly  based on r isk
factors as prov ided in rePorts  issued by the Internat i .onal  Comnr iss ion on
Radio logical  Protect ion ( ICRP),  Nat ional  Research Counci r  Advisory cormi t tee on
the Bio logical  Ef fects of  foniz ing Radiat ion (BEIR),  or  Uni ted Nat j -ons Scient i f ic
Commit tee on the Ef fects of  Atomic Radiat ion (uNscEAR).  Mul t ip ly ing the est i -
mated dose by the appropr iate r i .sk factor  prov i -des an est imate of  the r isk or
probabi l i ty  of  induct ion of  heal th ef fects to an indiv idual  or  h is  descendants
as a resul t  o f  that  exposure.  The evaluat ion of  these r isk factors is  present ly
subject  to  large uncer ta int ies and,  therefore,  potent ia l  cont inual  rev is ion.
The r isk factors recomended by the ICRP for  cancer morta l i ty  and heredi tary
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i r l  hear th to the f i rs t  and second generat ions are t6-{  per  rem of  whole-body

dose  and  4  x  l o t s  pe r  reo  o f  gonada l  dose ,  respec t i ve l y '  As  an  examp le '  a

whole-body dose of  i  ren would-  be est imated to add a r isk of  cancer  morta l i ty  to

t h e  e x p o s e d  i n v i d i d u a l  o f  l O  a ,  i . e . ,  I  c h a n c e  i n  I O , O O O '  H o w e v e r '  a  p r e c i s e

nurner icar  varue cannot  be assigned wi th any cer ta inty  to a par t icu lar  ind iv id-

ua I ' s  i nc rease  i n  r i sk  a t t r i bu tab le  t o  rad ia t i on  exPosu re '  The  reasons  fo r  t h i s

are nunerous and inc lude the fo l loe inS:  ( l )  uncer ta int ies over  the in f luence of

t he  i nd i v i dua l , s  ag€ ,  s ta te  o f  hea l t h '  Pe rsona l  hab i t s ,  f am i l y  med ica l  h i s to ry t

and previous or  concurrenL exposure tO Other  cancer-causinS atents,  (2)  the

var iabi l i ty  in  the la tent  Per iod ( t ime between exPosure and physical  ev idence of

d i sease ) ,  and  (3 )  t t r e  unce r ta in t y  i n  t he  r i sk  f ac to r  i t se l f .

To be meaningfu l ,  an at teEPt should be made Lo v iew such r isk est iEates in

the appropr iate context .  one usefu l  compar ison is  wi th r isks encountered in

no rma l  l i f e .  Ano the r  compar i son r  Po ten t i a t l y  more  use fu l ,  i s  w i t h  an  es t ima t i on

of  the r isks at t r ibutable to natura l  background radiat ion.  Radiat ion f rom

naturar  external  and internal  radioact iv i ty  resul ts  in  the same t )4)es of  in ter-

act ions wi th body t issues as that  f rom "man-made" radioact iv i ty .  Hence,  the

r isks f rom a speci f ied dose are the same regardless of  tbe source '  Rather  Lhan

go ing  th rough  an  i n te rmed ia te  s teP  i nvo l v i ng  r i sk  f ac to rs ,  doses  can  a l so  be

compared  d i rec t l y  t o  na tu ra l  backg round  rad ia t i on  doses .

Besides est imat ion of  r isks and compar isons to natura l  background,  doses

may be compared to s tandards and regulat ions.  The appropr iate standards '  the

Depar tmen t  o f  Ene rgy ' s  "Requ i remen ts  f o r  Rad iaL ion  P ro tecL ion r "  g i ve  l im i t s  f o r

external  and inLernal  exposures for  the whole body and speci f ied orSans which

are expressed as the permiss ib le dose or  dose comni tment  annual ly  in  addi t ion to

na tu ra l  backg round  and  med ica l  exPosu res .  The re  a re ,  i n  gene ra l ,  t l t o  se t s  o f

l in i ts ,  one appl icable to occupat ional ly  exposed Persons and the second appl i -

cable to indiv iduals and populat ion grouPs of  the general  publ ic '  The l imi ts

for  ind iv iduals of  the publ ic  are one-tenth of  those permi t ted for  occupat ion-

a l ly  exposed indiv iduals.  The set  of  l i -mi ts  important  to  th is  repor t  are those

appt icable to indiv iduals and populat ion SrouPs of  the publ ic '  The l imi ts  for

indiv iduals of  the publ ic  are 50o mrem per year  to the whole body,  Sonads'  or

bone marrow and 15OO mrem Per year  to other  orSans '  The l imi ts  for  populat ion

groups of  the publ ic  are 170 mrem tso the whole body,  gonadst  or  bone marrow and

5OO mrem per year  to other  organsr  averaged over  the SrouP'  In  e i ther  caset

exposures are to be l imi ted to the lowest  levels  reasonably achievable wi th in

the  g iwen  l im i t s .
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